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The pu rp o se  o f  t h i s  i n v e s t ig a t io n  was to  d e te rm in e  
th e  e f f e c t  o f  th e  v a r i a b le s  c o n c e n tr a t io n ,  te m p e ra tu re , 
and pH on th e  r e a c t io n  o f  h y p o c h lo r i te  and s u l f i d e  s o lu t io n s #  
By q u a n t i t a t i v e  c o n s id e ra t io n s  i t  h a s  been shown 
t h a t  i f  th e  s o lu t io n  i s  n o t  to o  a c id  o r  too< b a s ic ,  s u l f u r  
and s u l f a t e  a r e  produced I n  am ounts depending upon th e  
above m entioned  v a r ia b le s *  I n  s o lu t io n s  o f  pH o f  two o r  
lo w e r , i t  h a s  been found t h a t  no s u l f u r  e x i s t s  In  th e  s o lu ­
t i o n  a s  a  f i n a l  p ro d u c t b u t t h a t  th e r e  i s  a q u a n t i t a t iv e  
c o n v e rs io n  o f  s u l f i d e  to  s u l f a te #  I n  v e ry  b a s ic  s o lu t io n s  
s u l f a t e  I s  a g a in  th e  o n ly  p roduct*
From a  s tu d y  o f  th e  e f f e c t  o f  c o n c e n tr a t io n  a  mecha­
nism  h a s  been ev o lv ed  to  e x p la in  th e  s im u ltan eo u s ap p ear­
ance o f  s u l f u r  and s u l f a t e  i n  th e  r e a c t io n  m ix tu re s*  By 
th e  a p p l ic a t io n  o f  th e  law s o f  k i n e t i c s  i n  a  q u a l i t a t i v e  
way, ex p erim en t and p o s tu la te  have been  shown to  ag ree*
I n  g e n e ra l  i t  i s  found th a t  i f  th e  c o n c e n tra t io n  o f  
s u l f id e  i s  g r e a te r  th a n  th e  c o n c e n tr a t io n  o f  h y p o c h lo r i te ,  
th e  fo rm a tio n  o f  s u l f u r  i s  fav o red ?  an d , I f  th e  concen­
t r a t i o n  o f  h y p o c h lo r i te  i s  th e  g r e a t e r ,  th e  fo rm a tio n  o f  
s u l f a t e  i s  fav o red *  I f  th e  c o n c e n tra t io n s  o f  th e  r e a c ta n t s  
a r e  e s s e n t i a l l y  th e  same, th e  r a t i o  o f  s u l f u r  to  s u l f a t e  
rem ain s ap p ro x im a te ly  c o n s ta n t*  A ll  o f  th e s e  f a c t s  a r e  In  
ag reem en t w ith  th e  p o s tu la te d  mechanism*
The e f f e c t  o f  In c re a s e d  tem p e ra tu re  i s  to  In c r e a s e  
th e  p ro p o r t io n  o f  s u l f a t e  form ed, t h i s  in c re a s e  being
2ap p ro x im a te ly  a d i r e c t  f u n c t io n  o f  te m p e ra tu re  up to  
a b o u t 50° 6 * Above t h i s  te m p e ra tu re  th e r e  i s  a r a p id  
I n c r e a s e  I n  th e  amount o f  s u l f a t e  formed* The r a p id  in c r e a s e  
at h ig h e r  te m p e ra tu re s  IS  p ro b ab ly  due to  th e  seco n d ary  
a c t io n  o f  b a se  on c o l l o i d a l  s u lfu r*
A s tu d y  o f  th e  e f f e c t  o f  pH on th e  co u rse  o f  th e  
r e a c t io n  r e v e a ls  th e  f a c t  t h a t  a t  pH v a lu e s  o f  two o r  l e s s  
th e r e  I s  a q u a n t i t a t i v e  co n v e rs io n  o f  s u l f id e  to  s u l f a te *
As th e  pH I n c r e a s e s  s u l f u r  a p p e a rs  i n  th e  r e a c t io n  m ix- 
t u r e s  re a c h in g  a  maximum a t  ab o u t ten *  Above t h i s  pH an  
In c re a s e  i n  s u l f a t e  fo rm a tio n  o c c u rs * and i n  v e ry  b a s ic  
s o lu t io n s *  th e r e  I s  a  q u a n t i t a t iv e  c o n v e rs io n  o f  s u l f id e  
t o  s u l f a te *
T h is  e f f e c t  o f  pH r e q u i r e s  th e  p o s tu la t io n  o f  two 
d i f f e r e n t  mechanisms* one I n  a d d  and one i n  b a s ic  so lu tio n *  
th e  In c r e a s e  I n  s u l f a t e  c o n te n t i n  b o th  c a se s  b e in g  e x p la in e d  
by a  seco n d ary  r e a c t io n  o f  s o - c a l le d  " a c t iv e ” s u lfu r*  In  
b a s ic  s o lu t io n  t h i s  secondary  r e a c t io n  i s  w ith  th e  h y d ro x y l 
ion* w h ile  I n  a d d  s o lu t io n  c h lo r in e  monoxide i s  assumed 
to  be th e  a c t iv e  a g e n t I n  c o n v e r tin g  a p o r t io n  o f  th e  
a c t iv e  s u l f u r  to  s u l f a t e  b e fo re  I t  can p o lym erize  to  c o l -  
l o l d a l  s u lfu r*
The mechanisms have been developed  b o th  from th e  
e x p e rim e n ta l r e s u l t s  and from a c o n s id e ra t io n  o f  ana logous 
r e a c t io n s  I n  th e  l i t e r a t u r e *  The r e a c t io n s  i n  b a s ic  s o lu ­
t i o n  a r e  r e p re s e n te d  a s  fo llo w s!
Na*8 + HaOCl ♦ H,0  « S ♦ NaCl + JBNaOH
88 4 8 *  S*» e tc*  to  c o l l o i d a l  s u l f u r
8 4 NaOCl * SO 4 NaCl
80 4 NaOCl * SOft 4  NaCl 
80a ♦  Ha0 *  Hi SO a 
H8 SO a 4  NaOCl * Ha804 + NaCl 
88 4 6NaOH * SNaaSa 4 Naa8s0a 4 3Ha0 
NaaSaOa 4 4NaOCl 4 2NaOH « 2NaaS04 4 4NaCl 4 Ha0 
NaaSa 4 NaOCl 4 Ha0 * 38 4 NaCl 4 SNaOH 
8  4 NaOH, e tc*  
l a  a e id  s o lu t io n  th e  r e a c t io n s  a r e  a s  fo llo w s t 
Ha8 4 H0C1 * 8 4 HC1 4 Ha0
8 4 8 *  8a ,  e tc*  to  e o l lo ld a l  s u l f u r
2B0C1 *  Ha0 4 C la0 
8 4 ClaO * 80 4 Cla 
C l .  4 Ha0 *  H0C1 4 HC1 
80 4 H0C1 *  80a ♦ HC1 
S0a 4 Ha0 * Ha80a 
HaS0a 4  H0C1 * HaS04 4 HC1 
Where th e  d a ta  was a v a i la b le  th e  r e a c t io n s  were s tu d ie d  
f ro a  th e  s ta n d p o in t  o f  f r e e  energy  changes and i t  was shown 
by c a lc u la t io n s  o f  th e  f r e e  energy  changes in v o lv e d  in  th e  
r e a c t io n s ,  t h a t  th e y  were a l l  spon taneous r e a c t io n s *
4INTRODUCTION
T h is  work was o r i g i n a l l y  u n d e rta k e n  to  dev e lo p  a 
co m m erc ia lly  f e a s i b l e  method f o r  th e  rem oval o f  s u l f id e  
a s  a  c o n ta m in a tio n  o f  n a t u r a l  w aters*  th e  u l t im a te  aim 
b e in g  th e  com plete  rem oval o f  th e  s u l f u r  by o x id a t io n  to  
s u l f a te *  p r e c ip i t a t io n *  and su b seq u en t f i l t r a t i o n .  T rans*  
fo rm a tio n  o f  th e  s u l f i d e  to  s u l f a t e  w ith o u t rem oval o f  
th e  s u l f a t e  w i l l  o n ly  p roduee a  tem porary  rem oval s in c e  
th e r e  e x i s t  c e r t a i n  ty p e s  o f  b a c te r i a  w hich red u ce  s u l f a t e s  
t o  s u l f i d e s .
The o r i g i n a l  pu rp o se  was to  e f f e c t  th e  o x id a tio n  o f  
s u l f i d e  to  s u l f a t e  w ith  c h lo r in e *  p r e c i p i t a t e  th e  s u l f a t e  
w ith  a  s u i t a b l e  p r e c i p i t a n t  and f i l t e r  o u t th e  p r e c i p i t a t e .  
However* a p re lim in a ry  s tu d y  o f  th e  o x id a tio n  o f  a l k a l i  
s u l f id e s  w ith  c h lo r in e  o r  sodium h y p o c h lo r i te  showed t h a t  
th e  o x id a t io n  of s u l f id e  to  s u l f a t e  was n o t  com plete ex c ep t 
u n d er c e r t a i n  c o n d i t io n s .
The p re l im in a ry  e x p e rim e n ta l work on t h i s  problem  was 
c a r r ie d  o u t by T. W. Hay Johnson  (1 ) and J .  G. S tev en s ( £ ) .  
Both found  t h a t  i n  b a s ic  s o lu t io n  s u l f u r  ap p e a rs  a s  one o f  
th e  p ro d u c ts  o f  th e  r e a c tio n *  b u t I f  th e  s o lu t io n  be 
s u f f i c i e n t l y  a c id  th e r e  i s  a q u a n t i t a t iv e  c o n v e rs io n  o f  
s u l f id e  to  s u l f a t e .  S tev en s  d e te rm ined  t h i s  c r i t i c a l  pH 
to  be ab o u t tw o . Above t h i s  v a lu e  he found t e s t s  f o r  s u lfu r*  
s u lf a te *  and s u l f id e  when one e q u iv a le n t o f  h y p o c h lo r i te  I s
0added t o  one e q u iv a le n t  o f  s u lf id e *  He a l s o  d e te rm in ed  th e  
c r i t i c a l  te m p e ra tu re  a t  w hich th e  s u l f u r  produced by th e  
r e a c t io n  goes back in to  s o lu t io n  in s ta n ta n e o u s ly *  T h is  
te m p e ra tu re  h e  found to  be ab o u t 68°  C*
The above r e s u l t s  ap p eared  to  g iv e  prom ise o f  a r a th e r  
i n t e r e s t i n g  s tu d y , t h i s  s tu d y  to  be more o f  a t h e o r e t i c a l  
n a t u r e ,  however* I t  ap p eared  t h a t  th e r e  was some ty p e  o f  
r e a c t io n  m eehan lsa  i n  e f f e c t  which was dependen t upon th e  
pH o f  th e  medium i n  w hich th e  r e a c t io n  was o ccu rrin g *  A lso , 
th e r e  ap p ea red  to  be a  q u i te  i n t e r e s t i n g  te m p e ra tu re  e f f e c t*  
The d a ta  o f  Johnson  and S tev en s was i n s u f f i c i e n t  i n  
scope to  a r r i v e  a t  any d e f i n i t e  c o n c lu s io n s  a s  t o  th e  
mechanism o f  th e  re a c tio n *  The p re s e n t  work w as, th e r e f o r e ,
u n d e r ta k e n  a s  an ex p an sio n  o f  th e  above work in  an a tte m p t
t o  a r r i v e  a t  a  b e t t e r  u n d e rs ta n d in g  o f  th e  e f f e c t  o f  th e  
v a r i a b l e s ,  c o n c e n tr a t io n ,  te m p e ra tu re , and pH on th e  r e a c t io n ,  
and i f  p o s s ib le  to  p ropose  a s a t i s f a c t o r y  mechanism which 
would e x p la in  th e  e x p e rim e n ta l f a c ts *
The fo llo w in g  in v e s t ig a t io n  i s  d iv id e d  in to  th r e e  
g e n e ra l  p a r ts s
1* S tudy  o f  th e  e f f e c t  o f  c o n c e n tra tio n *
2* S tudy  o f  th e  e f f e c t  o f  tem p era tu re*
S* S tudy  o f  th e  e f f e c t  o f  pH*
6REVIEW OF THE LITERATURE
E a r ly  i n  t h i s  work i t  became e v id e n t t h a t ,  e x c lu s iv e  
o f  th e  g e n e ra l  rev iew  o f  th e  l i t e r a t u r e  w ith  r e s p e c t  to  
th e  o x id a t io n  o f  s u l f i d e s  i n  s o lu t io n ,  a more o r  l e s s  
th o ro u g h  know ledge o f  th e  o x y ~ a d d a  o f  s u l f u r  would be 
n e c e ssa ry #  The a u th o r  a l s o  d e s i r e d  some know ledge o f  th e  
v a r io u s  compounds o f  s u l f u r  and c h lo r in e  s in c e  h y p o c h lo r i te s  
I n  a c id  s o lu t io n  c o n ta in  c o n s id e ra b le  f r e e  c h lo r in e #
C o n seq u en tly , th e  l i t e r a t u r e  was rev iew ed  a c co rd in g  to  
th e  fo llo w in g  c l a s s i f i c a t i o n ,  th o se  compounds which d id  
n o t  ap p e a r  l i k e l y  t o  have any co n n e c tio n  w ith  t h i s  work 
b e in g  l a t e r  o m itte d  i n  th e  g e n e ra l  d is c u s s io n  o f  th e  
l i t e r a t u r e s
1 # O x id a tio n  o f  S u l f id e s  i n  S o lu tio n
s . C o l lo id a l  S u lfu r S
3 , S u lfu ro u s  a d d H|S0 |
4 # S u l f u r ic  A d d h*so4
5# T h io s u l f u r ie  A d d HaS,Oa
6 # S u lfo x y l ic  A d d H.SO*
7 . H yposu lfu rous A cid h , s , o 4
8 # D ith io n ie  A cid
9# T r l th lo n lc  A d d HsSfOe
10# T e t r a th lo n le  A d d H*S*0#
1 1# P e n ta th io n lc  A d d H*6*0a
1 2 m H ex a th lo n le  A cid H*Sa0#
1 3 m P y ro su lfu ro u s  A cid
714* Di s u l f u r i c  A d d  
1 5 . P y ro s u l fu r ic  A cid 
16* S u lfu r  C h lo r id e s
S»0*(0H ),
HaS,Or
1 7 , T h io n y l C h lo rid e  
18* S u l f u r y l  C h lo rid e
SOClt
SOgCl*
19* Di s u l f u r y l  C h lo rid e  
£0* C h lo ro su lfo n lo  A cid 




The e x te n t  o f  th e  rev iew  o f  th e  above to p ic s  depends 
upon t h e i r  b e a r in g  upon th e  p r e s e n t  in v e s t ig a t io n *
VOTES The l i t e r a t u r e  i s  r a th e r  p r o l i f i c  in  a r t i c l e s  r e l a t i v e  
to  th e  o x id a t io n  o f  gaseous hydrogen s u l f id e  f o r  
th e  p u rp o ses  o f  re c o v e ry  o f  s u l f u r  and e l im in a t io n  o f  
i t  a s  a  n u is a n c e , b u t co m p a ra tiv e ly  l i t t l e  work 
h a s  been done on th e  o x id a tio n  o f  hydrogen s u l f id e  
and s o lu b le  s u l f id e s  i n  s o lu t io n ,  and m ost o f  t h i s  
work i s  o f  a  q u a l i t a t i v e  o r  s e m i« q u a n t l ta t lv e  n a tu re *
I*. II. V au q u e lln  (3 ) found t h a t  an  aqueous s o lu t io n  o f
hydrogen s u l f i d e  i s  s lo w ly  o x id is e d  by exposure  to  a i r
form ing w a te r  and m ilk  o f  s u l f u r  a s  w e ll a s  some s u l f u r i c
a d d *  E. F i l h o l  (4 ) s a id  t h a t  no s u l f u r i c  a d d  i s  formed
b u t i f  s u f f i c i e n t  a l k a l i * ly e  be p re s e n t  to  form sodium
h y d r o s u lf id e ,  th e  o x id a tio n  o cc u rs  more s lo w ly , form ing
s u l f u r ,  a l k a l i  p o ly s u l f id e  and s u l f a t e .  J* Baab observed
t h a t  l i g h t  fa v o red  th e  re a c tio n *
A ccord ing  to  L. J .  Thenard (6 ) an aqueous s o lu t io n
o f  hydrogen  s u l f i d e  i s  decomposed by hydrogen p e ro x id e  a s
fo llo w s t
1* O x id a tio n  o f  S u lf id e s  i n  S o lu tio n
HaOa ♦  B|8  *■ S 4  SH|0 
4* C la s se n  and 0* B auer (7 ) s t a t e d  t h a t ,  I f  th e  above re a c ­
t i o n  i s  c a r r i e d  o u t In  th e  p re se n ce  o f  b a s e f s u l f a t e  i s  
produced*
G. Lunge and G* B i l l i t s  (8 ) o b serv ed  t h a t  an  aqueous 
s o lu t io n  o f  hydrogen s u l f i d e  I s  o x id is e d  by h y p o ch lo ro u s 
a d d  to  w a te r ,  s u l f u r i c  a c id ,  h y d ro c h lo r ic  a c id ,  and ch lo rin e *  
V* F e l t  and C* K uh ierschky  (8) found t h a t  a s o lu t io n  
o f  hydrogen  s u l f i d e  i s  o x id is e d  by io d lo  a c id  to  w a te r , 
s u l f u r ,  and io d in e ;  brom ic a d d  y ie ld s  w a te r , s u l f u r ,  and 
b rom ine; a l k a l i  io d a te s  y ie ld  w a te r , s u l f u r ,  s u l f u r i c  
a d d ,  and io d in e ;  and a l k a l i  b rom ates g iv e  a s  p ro d u c ts  
w a te r ,  s u l f u r ,  s u l f u r i c  a c id ,  and brom ine*
H* P r in s  (10) found t h a t  hydrogen s u l f id e  r e a c t s  i n  
th e  c o ld  w ith  e h lo ro s u l fo n ic  a c id  w ith  th e  s e p a ra t io n  o f  
s u l f u r  and th e  e v o lu tio n  o f  h y d ro c h lo r ic  a d d *  When th e  
m ix i s  d i 8t i l l e d  s u l f u r  m onoch loride and s u l f u r  t r i o x id e  
c o l l e c t  i n  th e  r e c e iv e r*
J*  W* F* Johnson  (11) and C» L econ te  (IP )  observ ed  
t h a t  hydrogen s u l f i d e  re d u c e s  d i l u t e  n i t r i c  a d d  y ie ld in g  
s u l f u r ,  s u l f u r i c  a c id ,  ammonium s u l f a t e ,  and n i t r i c  oxide*
G. Lunge and G* B i l l i t s  (15) s ta te d  t h a t  hydrogen s u l ­
f i d e  i s  o x id is e d  to  s u l f u r i c  a d d  by aqua re g ia *
K« G o rlic h  and U* Wiehmann (14) a d d  th a t  th e  f o l*  
low ing  r e a c t io n  ta k e s  p la c e  when hydrogen s u l f id e  r e a c t s  
w ith  a  s o lu t io n  o f  p o tassiu m  n i t r i t e s
n o *  4  3H,S * KOH 4 58 4  NH, 4 Ha0
Aqueous s o lu t io n s  o f  sodium s u l f id e  a r e  o x id is e d  In  
a i r *  and sodium t h i o s u l f a t e  i s  formed* E. M its c h e r l ic h  (15) 
s a id  t h a t  h a l f  o f  th e  sodium s u l f id e  i s  co n v e rted  i n t o  
th io s u l f a t e *
F* W» Durkee (16) found  t h a t  t h i o s u l f a t e  i s  f i r s t  
form ed i n  th e  e l e c t r o l y s i s  o f  sodium s u l f id e  s o lu t io n s  and 
f i n a l l y  sodium s u l f a te *  A* S c h e u re r-K e s tn e r  (17) and M* 
M erle  (18 ) d id  n o t  co n firm  th e  in te rm e d ia te  fo rm a tio n  o f  
th e  th io s u l f a t e *  U* T ra u tz  and K« T* Volkman (19) have 
a l s o  s tu d ie d  th e  re a c t io n *  and F* Thomas (20) th e  e f f e c t  o f  
d i f f e r e n t  c o lo re d  l ig h t*
When a  s o lu t io n  o f  sodium s u l f id e  i s  o x id is e d  w ith  
p o ta ss iu m  n i t r a t e *  G. Lunge (21) and P* P a u li  (22) found 
t h a t  sodium t h i o s u l f a t e  I s  f i r s t  form ed and a t  a h ig h e r  
tem p era tu re*  s u l f a te *
When o x id iz e d  w ith  p o tassiu m  perm anganate* M* Honlg 
and £ • Z a tzek  (23) found t h a t  s u lfu r*  s u lf a te *  and t r i -  
th io n a te  a r e  formed i n  th e  c o ld ;  o n ly  s u l f a t e  i s  form ed 
i n  th e  h o t  s o lu t io n *
A* S tro a e y e r  (24) found t h a t  sodium b ic a rb o n a te  r e a c t s  
w ith  sodium  s u l f id e  y ie ld in g  hydrogen  s u lf id e *
A* M a i l f e r t  (25 ) found th a t  ozone c o n v e rts  th e  a l k a l i  
s u l f id e s  to  s u l f a te *
H* A* K rebs (26 ) observed  t h a t  th e  r a t e  o f  o x id a t io n  
o f  hydrogen  s u l f id e  o r  a l k a l i  s u l f id e  s o lu t io n s  I s  g r e a t ly  
a c c e le r a te d  by th e  p re se n c e  o f  m inu te  amounts o f  heavy m e ta l 
s u l f i d e  such  a s  n ic k e l  s u lf id e *
J .  L* B u llo ck  and 0* S . F o rb es (27 ) have made an 
e x te n s iv e  s tu d y  o f  th e  o x id a t io n  o f  sodium mono- and p o ly -  
s u l f i d e s  by c e r t a i n  aroma t i e  n l t r o  oompounds* They made 
p a r t i c u l a r  u s e  o f  sodium m -n itro b e n a e n e -s u lfo n a te  i n  one 
t e n th  m o la r s o lu t io n  and a t  room tem p era tu re*  The r e s u l t s  
o f  t h i s  work show t h a t  t h i o s u l f a t e  i s  th e  end p ro d u c t;  
s u l f i t e  v as  n e v e r  o b ta in ed *  I t  i s  sh o rn  t h a t  t h i o s u l f a t e  
i s  m et a  d i r e c t  o x id a t io n  p ro d u c t o f  th e  r e a c t io n  and 
t h a t  th e  f i r s t  p ro d u c ts  a r e  h y d ro x y l io n  and s u lfu r*  The 
su lfU r  form ed i s  ta k e n  up by th e  s u l f i d e  to  form p o ly su l*  
f ld e s  u n t i l  th e  h y d ro x y l io n - p o ly s u l f id e  io n  r a t i o  re a c h e s  
a  c e r t a i n  v a lu e ,  when th e  fo rm a tio n  o f  t h i o s u l f a t e  p ro ceed s  
u n ifo rm ly *  The s u l f i d e s  u sed  i n  th e s e  ex p e rim en ts  were 
p re p a re d  by h e a t in g  s u l f u r  i n  aqueous sodium h y d ro x id e  to  
com plete  s o lu t io n ,  and alw ays c o n ta in e d  a l a r g e  amount o f  
th io s u l f a t e *  By ru n n in g  th e  r e a c t io n  in  a b o ra x -b o r ic  a d d  
b u f f e r  s o lu t io n  o f  pH o f  ab o u t e i g h t ,  e le m e n ta l s u l f u r  
eo u ld  be o b ta in e d  w ith  -o n ly  a s l i g h t  s im u ltan eo u s fo rm a tio n  
o f  th io s u l f a t e *
The t o t a l  r e a c t io n  i s  r e p re s e n te d  a s i
* s  •1* 8 ♦  fiffO, ♦  H ,0 *  8 ,0 ,  V HNH,
The fo llo w in g  mechanism i s  p roposed t
g .  a s *  ♦  HHO, ♦  4H*0 «  BOH* ♦ 88 ♦ RHH,
£ *
8* 8 ♦  x8 ■ & x-l
4 .  eorf" ♦  128 ■ 8*0 *”  ♦ 88* ♦  8Ha0
A ccord ing  to  e q u a tio n  2 th e r e  shou ld  be a d e f i n i t e  pH w hich 
would a llo w  th e  o x id a t io n  to  p ro g re s s  w ith o u t fa v o r in g  th e
nfo rm a tio n  o f  th io s u l f a t e *  T h is  was found to  he c lo s e  to  
pH o f  e ig h t*
R e a c tio n  4 ta k e s  p la c e  r a th e r  r a p id ly  a t  e le v a te d  
te m p e ra tu re s  even w ith  o rd in a ry  rhom bic s u l f u r  b u t a t  
85° th e  r e a e t lo n  I s  slow  u n le s s  th e  s u l f u r  I s  I n  an • a c t iv e *  
s ta te ~ » s e t  f r e e  by an  o x id a t io n  o f  s u l f i d e  o r  i n  some slm~ 
l i a r  way*
i h l l e  red u ced  te m p e ra tu re  slow s down th e  r a t e  o f  
o x id a t io n  (R e a c tio n  8 ) ,  th e  e f f e c t  i s  much more pronounced 
i n  t h i o s u l f a t e  fo ra a tio m (R e a e tlo n  4 ) # Below 25° th e  so lu ~  
t i a n  o f  s u l f u r  i s  so  slow  t h a t  th e  g r e a t e r  p a r t  o f  i t  I s  
p r e c i p i t a t e d  i n  an  u n r e a c t iv e  form even i n  ex cess  o f  
h y d ro x y l ion*  I f  an  o x id a t io n  o f  d i s u l f i d e  i s  c a r r i e d  o u t 
s lo w ly  no a p p re c ia b le  amount o f  t h i o s u l f a t e  i s  formed 
u n t i l  th e  system  i s  s a tu r a te d  w ith  s u l f u r ;  on th e  o th e r  
hand* i n  th e  norm al e a se  where eq u a l c o n c e n tr a t io n s  o f  
s u l f i d e  io n  and n i t r o  compound a r e  added to g e th e r  a t  th e  
s t a r t ,  a b o u t t h i r t y  p e rc e n t  o f  th e  i n i t i a l  s u l f id e  i s  
o x id is e d  i n  th e  f i r s t  m inute* Under th e s e  c o n d itio n s  th e r e  
i s  a  l a r g e  amount o f  s u l f u r  p re s e n t  in  th e  a c t iv e  s t a t e  
a t  any p a r t i c u l a r  tim e d u r in g  th e  f i r s t  few m inutes*  T h is  
s u l f u r  would n o rm a lly  be d is s o lv e d  by th e  s u l f id e  io n  
p r e s e n t ,  b u t th e  l a r g e  c o n c e n tra t io n  o f  h y d ro x y l io n  a l s o  
p r e s e n t  slow s down t h i s  p ro c e ss  and form s t h i o s u l f a t e  and 
r e g e n e ra te s  p o ly s u l f id e  from th e  • a c t iv e *  s u lfu r*
$ • A* Shchukarev and E . II* K ireeva^T usu lakhova say  
t h a t  o x id a t io n  o f  sodium h y d ro s u lf id e  by oxygen a t  atm os*
lie
p h e r le  p r e s s u r e  p ro d u ces sodium t h i o s u l f a t e ,  s u l f i t e ,  and 
s u l f a t e *  The r e a c t io n  a p p e a rs  to  o ccu r a t  th e  l i q u i d  gas 
i n t e r f a c e  and i s  o f  ae ro  o rd e r*  The r e a c t io n  r a t e  i s  in *  
T e r s e ly  p r o p o r t io n a l  to  th e  i n i t i a l  c o n c e n tra tio n *  T hio­
s u l f a t e  and s u l f i t e  a r e  produced by p a r a l l e l  r e a c t io n s  
and th e  s u l f i t e  r e a c t s  f u r t h e r  to  g iv e  s u l f a te *  Sodium 
t h i o s u l f a t e  o x id iz e s  v e ry  s lo w ly , form ing s u l f i t e ,  s u l f u r ,  
and s u l f a te *  A m ix tu re  o f  t h i o s u l f a t e  and s u l f i t e  o x id iz e s  
w ith  an  in c r e a s e  I n  r a t e  f o r  t h i o s u l f a t e  and a  d e c re a se  
i n  r a t e  f o r  th e  s u l f i t e *  O x id a tio n  o f  hydrogen s u l f id e  i s  
su c h  s o r e  r a p id  th a n  t h a t  o f  h y d ro s u lf id e  and o n ly  s u l f u r i c  
a d d  i s  formed* Sodium s u l f id e  i s  o x id iz e d  to  t h i o s u l f a t e ,  
s u l f i t e ,  s u l f a t e ,  and p ro b ab ly  t r l t h l o n a t e *  The o rd e r  o f  
th e  r e a c t io n  i s  anomalous* S u l f i t e  and s u l f a t e  a r e  form ed 
to  a  g r e a t e r  e x te n t  th a n  from th e  o x id a tio n  o f  h y d ro s u lf id e ;  
a l t o g e t h e r ,  t h i o s u l f a t e  i s  alw ays th e  c h ie f  p roduct*  A r i s e  
i n  te m p e ra tu re  in c r e a s e  th e  r a t e  o f  th e s e  r e a c t io n s *
The m ilky  l i q u i d  form ed by p a s s in g  hydogen s u l f id e  
th ro u g h  an aqueous s o lu t io n  o f  s u l f u r  d io x id e  h as  been 
in v e s t ig a te d  by H* W* F* W aekenroder (29)* The r e a c t io n  may 
be re p re s e n te d  by th e  e q u a tio n s
fiH,8  ♦ &O3 *  88 4* 2H*0 
However, th e  r e a c t io n  I s  more co m p lica ted  th an  t h i s  s in c e  
i t  h a s  been shown t h a t  th e  s o - c a l le d  W aekenroder1 a s o lu t io n  
c o n ta in s ,  i n  a d d i t io n  to  c o l lo id a l  s u l f u r ,  a l l  th e  th io n ic  
a d d s  from d i  th io n ic  to  h e x a th io n ic —H* Debus (SO)— as  w e ll 
a s  some s u l f u r i c  a d d *
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The amount o f  p o ly th lo n lc  a c id s  form ed, a s  w e ll a s  
th e  te m p e ra tu re , i s  o f  g r e a t  im p o rtan ce  i n  d e te rm in in g  th e  
d e g re e  o f  d i s p e r s io n  o f  th e  s u l f u r  p a r t i c l e s .  Under con­
d i t i o n s  where c o n s id e ra b le  p e n ta th io n ic  and h e x a th io n ic  
a d d s  a r e  form ed i n  acco rd an ce  w ith  th e  above e q u a tio n s , 
m ost o f  th e  s u l f u r  i s  c o l l o id a l  a c c o rd in g  to  H. B a s s e t t  
and R. 0* D u rra n t (3 1 )•
I*  G. F a rb e n ln d  (32) h as  p a te n te d  a p ro c e s s  f o r  th e  
o x id a t io n  o f  m e ta l s u l f i d e s  to  th e  co rre sp o n d in g  s u l f a t e  
by t r e a t i n g  an  aqueous s lu d g e  o f  th e  s u l f id e  w ith  oxygen 
o r  g a se s  c o n ta in in g  oxygen a t  a  r a i s e d  te m p e ra tu re  and 
p re s su re *  a m ix tu re  o f  s u l f id e s  be in g  u sed  a s  th e  s t a r t i n g  
m a t e r i a l ,  th e  ten d en cy  to  o x id e  fo rm a tio n  i s  th u s  reduced  
and th e  o x id a t io n  a c c e le r a te d ,  th u s  an aqueous s lu d g e  o f  
s in e  s u l f i d e  and n ic k e l  s u l f id e  i s  o x id is e d  to  th e  c o r r e s ­
ponding s u l f a t e s  i n  f iv e  to  seven  h o u rs  by t r e a tm e n t  w ith  
oxygen a t  200°  and 15 a tm ospheres p r e s s u r e .
R. Kuhn (33) h a s  p a te n te d  a p ro c e s s  f o r  th e  rem oval 
o f  hydrogen  s u l f i d e  from g a s e s .  G ases such a s  i l l u m in a t in g ,  
coke oven , o r  p ro d u cer gas a r e  washed w ith  w a te r  o r  an 
a lk a l in e  s o lu t io n  such a s  sodium ca rb o n a te  and th e  so lu ­
t i o n  o f  hydrogen  s u l f i d e  o r  sodium s u l f id e  I s  t r e a t e d  
w ith  a s o lu t io n  o f  c a t a l y s t  and th e n  t r e a te d  w ith  oxygen 
e f f e c t in g  th e  o x id a tio n  to  th io s u l f a te *  Among s u i t a b le  
c a t a l y s t s  a r e  th o se  p rep a red  by m ixing an a lc o h o l ic  s o lu ­
t i o n  e f  1-o x y an th raq u ln o n e  w ith  ammonlacal copper h y d ro x id e  
to  form th e  com plex copper s a l t .
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A p ro c e s s  f o r  th e  e l e c t r o l y t i c  o x id a t io n  o f  m e ta l 
s u l f i d e s  h as  been p a te n te d  by G» N* L ibby (34)« O x id a tio n  
o f  p y r l t e  o r  o th e r  co n d u c tin g  s u l f id e s  i s  e f f e c te d  by 
em ploying them a s  anode In  an a l k a l i n e  s o lu t io n  such a s  
sodium o r  ca lc iu m  h y d ro x id e  w h ile  su p p ly in g  oxygen e i t h e r  
by e l e c t r o l y t i c  d eco m p o sitio n  o f  th e  s o lu t io n  o r  by con- 
s t i t u t i n g  a  b a t t e r y  o f  th e  Bunsen c e l l  ty p e  by opposing  
a n o th e r  h a l f  c e l l  o r  more e l e c t r o p o s i t i v e  m a te r ia l*  
p r e f e r a b ly  m a te r ia l  w hich can be r e g e n e ra te d  by oxygen o f  
th e  a i r*  Such a d e p o la r iz e r  may be formed o f  c o n c e n tra te d  
n i t r i c  a d d  su rro u n d in g  an e le c t ro d e  o f  iro n *  The a c t io n  
o f  th e  l a t t e r  e f f e c t s  th e  fo rm a tio n  o f  n i t r i c  o x id e  which 
o x id is e s  r e a d i ly  w ith  oxygen and w a te r  to  r e g e n e ra te  th e  
n i t r i c  a d d *  When FeS* i s  employed a s  anode I t  i s  o x id iz e d  
to  f e r r i c  h y d ro x id e  and sodium s u l f a t e  w ith  th e  p ro d u c tio n  
o f  n e a r ly  th e  t h e o r e t i c a l  amount o f  energy*
R« S* Dean (35) h as  s tu d ie d  th e  o x id a tio n  o f  s u l f id e s  
w ith  p o ta ss iu m  lo d a te *  By ex p erim en ts  on hydrogen s u l f id e  
w a te r  and on le a d  s u l f i d e  i t  i s  shown t h a t  a l a r g e  ex cess  
o f  lo d a te  co m p le te ly  o x id iz e s  th e  s u l f u r  to  s u l f a t e  in d e ­
p en d en t o f  th e  c o n c e n tra t io n  o f  h y d ro c h lo r ic  a c id  p ro v id ed  
i t  be s tro n g  enough to  p re v e n t h y d o ly s ls  o f  101* For 
cadmium s u lf id e *  le a d  s u lf id e *  and z in c  s u l f id e  th e  aqua- 
t l o n  was found to  b e t 
3X6 + ZKXO* 4  12HC1 « 8XC1* ♦ 2S ♦ K,S04 + 3KC1 + 3IC1 *  5H*0 
Whan a  s m a lle r  c o n c e n tra t io n  o f  h y d ro c h lo r ic  a c id  was 
p r e s e n t  th e  amount o f  lo d a te  co rresponded  more n e a r ly
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to*
EXS ♦  KIOa ♦ 6HC1 * 2XCla ♦ 2B ♦  KOI ♦ IC1 + 3Ha0 
w here J  s ta n d s  f o r  th e  m e ta ls  above* E xperim ents show th e  
p ro g re s s  o f  th e  r e a c t io n  I n  th e  p re se n c e  o f  v a ry in g  amounts 
o f  h y d ro c h lo r ic  ac id *  I f  h y d ro c h lo r ic  a c id  i s  from  3 to  6 
n o rm al and a l a r g e  ex cess  o f  lo d a te  u se d , o x id a tio n  quan- 
t l t a t i v e l y  t o  s u l f a t e  i s  r e a l iz e d *
X* P o l ia c c i  (3 6 ) found t h a t  a p a s te  o f  s u l f u r  and 
w a te r  i s  o x id iz e d  by th e  a i r  a t  85-30° to  s u l f u r i c  a d d *  
T h is  a c t io n  i s  a c c e le r a te d  by (a )  movement o f  th e  a i r ,
(b ) s u n lig h t*  A p a s te  k e p t i n  an atm osphere o f  hydrogen 
was n o t  o x id iz e d ;  from t h i s  th e  a u th o r  co n c lu d es t h a t  
th e  o x id iz in g  a c t io n  i s  n o t  due to  a d eco m p o sitio n  o f  th e  
w ater*  He a tte m p ts  to  show by experim en t t h a t  th e  a c t io n  
i s  to  be a s c r ib e d  to  ozone r a t h e r  th an  to  oxygen o f  th e  
a i r  o r  hydrogen  perox ide*  From a s tu d y  o f  th e  o x id a tio n  
o f  th e  s u l f i d e s  th e  a u th o r  co n c lu d es! (a )  A ll  s u l f id e s  
a r e  o x id iz e d  by th e  a i r  even below 30°* (b ) The a c t io n  i s  
a c c e le r a te d  by s u n l ig h t ,  movement o f  th e  a i r ,  and above 
a l l  by f i n e  p u lv e r iz a t io n *  (c )  Oxygen i s  n o t  f ix e d  to  form 
s u l f a t e ;  th e  s u l f u r  i s  s e t  f r e e ,  w ith  th e  fo rm a tio n  o f  th e  
co rre sp o n d in g  oxide* (d ) The s u l f u r  th u s  s e t  f r e e  i s  o x i­
d iz e d  th u s ,  a s  i s  shown by th e  d e p o s i t io n  o f  s u l f u r  from 
w a te rs  c o n ta in in g  hydrogen s u l f id e  on c o n ta c t  w ith  a i r *  To 
prove t h a t  s u l f u r  i s  s e t  f r e e  from m e ta l l i c  s u l f id e s  
c a r e f u l ly  p re p a re d  s u l f id e s  a r e  a llow ed  to  s ta n d  I n  th e  
a i r  and washed w ith  carbon  d i s u l f i d e ;  t h i s  th e n , on evap­
o ra t io n *  le a v e s  c r y s t a l s  o f  s u lfu r#  th e  c a se  o f  o x id a t io n  
v a r i e s  g r e a t ly  w ith  d i f f e r e n t  s u lf id e s *  The a u th o r  p o in ts  
o u t  a  so u rc e  o f  e r r o r  i n  q u a n t i t a t i v e  a n a ly s i s  o f  d ry in g  
s u l f i d e s  a t  100°  and f i n a l l y  p ro p o ses a method f o r  o b ta in *  
In g  s u l f u r  from  n a t u r a l  w ate rs#
2 # C o l lo id a l  S u lfu r
As shown by H. M oissan (3 7 ) ,  s u l f u r  exposed to  a i r  
a t  o rd in a ry  te m p e ra tu re s , i s  s lo w ly  o x id iz e d  w ith  th e  
fo rm a tio n  o f  t r a e e s  o f  s u l f u r  d io x id e#  N# Leonard (33) 
found t h a t  sub lim ed  s u l f u r  g e n e ra l ly  c o lo r s  b lu e  li tm u s  
r e d ;  and i t  c o n ta in s  O.OS * 0 .S 5#  o f  s u l f u r i c  a c id .  P a r t  
o f  t h i s  s o ld  i s  form ed by exposu re  to  a i r  and m o is tu re#  
H o is t  sub lim ed  s u l f u r ,  f r e e  from a d d ,  was d i s t i n c t l y  a c id  
a f t e r  b e in g  k e p t f o r  two weeks i n  a s to p p e re d  b o t t l e ,  and 
a f t e r  f o u r  y e a rs  c o n ta in e d  0 *2# o f  s u l f u r i c  a c id  and no 
s u lfu ro u s  a d d ;  a  s im i la r  specim en, d r ie d  a t  100° ,  con*** 
ta ln e d  o n ly  0#0025^ s u l f u r i c  a d d  a f t e r  fo u r  y ea rs#  A# 0 .  
D oroschevsky and Q. S# P a v lo f f  (39) observ ed  t h a t  when c h a r ­
c o a l  i s  soaked i n  a s o lu t io n  o f  s u l f u r  i n  carbon  d i s u l f i d e  
and d ried *  th e  s u l f u r  u n d erg o es o x id a tio n  a t  100°#
9# Zanker and B# F a rb e r  (40) showed t h a t  powdered 
s u l f u r  from  d i f f e r e n t  so u ree s  co u ld  n o t be f r e e d  o f  a d d  
by w ash ing , w hich would seem to  in d ic a te  t h a t  th e  a d d  i s  
c o n tin u o u s ly  form ed by th e  a c t io n  o f  a i r  and m o istu re#  
F low ers o f  s u l f u r  c o n ta in  th e  g r e a t e s t  amount o f  a d d  w h ile  
c o l l o i d a l  s u l f u r  i s  a lm o st a s  s t r o n g ly  ac id#  The a u to x ld a -
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t l o n  o f  s u l f u r  o c c u rs  more r e a d i l y  i n  an a c id  th an  i n  
a  n e u t r a l  o r  a lk a l in e  medium*
R* H* Simon and C* J* S c h o lle n b e rg e r  (41) o b se rv ed  
t h a t  th e  r a t e  o f  o x id a t io n  o f  s u l f u r  i n  s o lu t io n  i s  depen­
d e n t upon p a r t i c l e  s ls e *  A* H arpf (48) a l s o  n o t ic e d  t h a t  
f i n e l y  d iv id e d  s u l f u r  i s  o x id is e d  on ex posu re  to  a i r  In  
l i g h t  o r  i n  d ark n ess*
H. tfo ls sa n  (43) found t h a t  o x id a tio n  o cc u rs  i n  s e a le d  
tu b e s  w ith  oxygen a t  20°• The a c t io n  i s  s lo w er i n  a i r*
B* P o ll& ce i (44) s a id  t h a t  th e  o x id a tio n  o f  f i n e ly  
d iv id e d  s u l f u r  i n  a i r  l a  a e c e le r a te d  by l i g h t ;  and th a t  
p u re  oxygen does n o t  e f f e c t  th e  o x id a t io n .  He c la im s t h a t  
osone i s  th e  a c t iv e  agent*
X, B o d en ste ln  and W. Karo (45) found t h a t  th e  r a t e  o f  
o x id a t io n  was ro u g h ly  p r o p o r t io n a l  to  th e  s u r fa c e  o f  th e  
s u lfu r*  I t  is *  th e re fo re *  concluded  t h a t  th e  r e a c t io n  i s  a  
ch em ica l one; t h a t  i t  o cc u rs  i n  th e  a d s o rp tio n  la y e r  on th e  
s u r fa c e  o f  th e  s u l f u r ;  and* t h a t  th e  s u l f u r  d io x id e  which 
accu m u la tes  i n  th e  a d s o rp tio n  la y e r  h as  no e f f e c t  on th e  
v e lo c i ty  o f  th e  re a c tio n *
A* and ?* Thenard (46) s a id  t h a t  ozone o x id is e s  s u l f u r  
t o  s u l f u r  d io x id e ;  and A. X a l l f e r t  (47) observed  t h a t  i n  
th e  d ry  s t a t e  o n ly  th e  d io x id e*  no tr io a d d e *  was formed 
w h ile  i n  th e  m o is t s t a t e  o n ly  s u l f u r i c  a c id  i s  produced*
C* f *  C ross and H» F* Higglm (43) found t h a t  s u l f u r  
b eg in s  to  decompose w ate r a t  abou t 95° i n  t r a c e s I
B*0 + 58 ^  2Hg$ 4  SO*
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A t o rd in a ry  te m p e ra tu re s  th e r e  i s  a p p a re n t ly  no a c t io n .
A ccord ing  to  S . K ita sh im a  (49) f r e e  s u l f u r  i s  n o t  
a t ta c k e d  by h y d ro c h lo r ic  a d d  u n le s s  i n  th e  p re se n c e  o f  
iro n *
G* H* L ev is  (50) and co -w o rk ers found t h a t  when aqueous 
s o lu t io n s  o f  c h lo r a te s  a r e  h e a te d  w ith  s u l f u r  to  150-180°# 
th e y  a r e  s lo w ly  red u ced ; brom ates a r e  red u ced  to  bromine* 
io d a te s  t o  io d in e ;  p e r c h lo ra te s  and p e r io d a te s  a r e  n o t  
a c te d  on a t  180°*
X* f ia ffo  (51) and co -w o rk ers found t h a t  when io d ic  
a c id  i s  mixed w ith  s u lfu r*  a  deep re d  c o lo r  due to  f r e e  
io d in e  i s  im m ed ia te ly  developed* and su b se q u e n tly  a 
volum inous d a rk  re d  p r e c i p i t a t e  composed o f  a  m ix tu re  o f  
io d in e  and s u l f u r  s e p a ra te s *  T here i s  ev id en ce  t h a t  th e
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s u l f u r  i s  o x id is e d  to  s u l f u r  d io x id e  by th e  io d ic  ac id*  th e  
r e s u l t i n g  h y d r lo d ie  a c id  i s  o x id is e d  to  f r e e  io d in e  by p a r t  
o f  th e  lo d le  a d d *  and th e  l a t t e r  a l s o  o x id is e s  th e  s u l ­
f u r  d io x id e  to  s u l f u r i c  a d d *  Under c e r t a i n  c o n d itio n s*  
th e  r e a c t io n  a t  f i r s t  in c r e a s e s  w ith  th e  io d ic  a d d  con­
c e n t r a t io n  * a t t a i n s  a maximum and beyond t h a t  p o in t  d im in ish es*  
w ith  f u r t h e r  in c r e a s e  i n  c o n c e n tra tio n *  A ccording to  th e  
c o n d itio n s*  th e  r e a c t io n  p ro ceed s u n t i l  th e  Io d ic  a d d  o r  
th e  s u l f u r  i s  u sed  up* o r  u n t i l  th e  s u l f u r  s e p a ra te s  i n  a 
g e la t in o u s  form*
A ccord ing  to  C* C. P a l l t  and N. R* Dhar (52) 15 and 
26% n i t r i c  a d d  have no a c t io n  on s u l f u r  a t  o rd in a ry  tem­
p e ra tu re s *  H* Z le l e r  (55) observed  no r e a c t io n  w ith  n i t r i c
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M id  up  t o  40# M id ,  and w ith  b o i l in g  50# a c id  o n ly  a 
f e e b le  r e a c t io n  o ccu rred *
The a c t io n  o f  a l k a l i  h y d ro x id e s  on s u l f u r  i s  d is c u s s e d  
more f u l l y  u n d e r T h io su lfa te * *  C* F ah lb e rg  and M* W* l i e s  
(54) s a id  t h a t  when p o tassiu m  h y d ro x id e  i s  fu se d  w ith  s u l ­
fu r*  s u l f i d e  and t h i o s u l f a t e  a r e  form ed) w ith  an ex c ess  
o f  a l k a l i  o n ly  s u l f i t e  and s u l f a t e  a r e  formed* M* J*  Fordos 
and A* G e lls  (55) found  t h a t  w ith  b o i l in g  a l k a l i  and s u l -  
f h r  more t h i o s u l f a t e  i s  formed th a n  co rresp o n d s  w ith  th e  
e q u a tio n !
SKa0 ♦  n s  ♦  H,0  «  £Kt Sn-.g  4  Ka8a0a 4  Ha0 
J*  B* S enderens (56) s a id  t h a t  th e  e q u a tio n  r e p r e s e n ts  
a  l im i t i n g  e a se  a p p l ic a b le  o n ly  to  c o n c e n tra te d  s o lu t io n s ;  
w ith  d i l u t e  s o lu t io n s *  th e  p o ly s u l f id e  i s  decomposed in to  
t h i o s u l f a t e  and hydrogen  s u lf id e *
A ccord ing  to  H# V* T a r ta r  (57) th e  p rim ary  r e a c t io n  
o f  s u l f u r  w ith  p o ta ss iu m  h y d ro x id e  i n  h o t  aqueous s o lu t io n  
ta k e s  p la c e  i n  acco rd an ce  w ith  th e  e q u a tio n !
6K0H 4 88 * 2KaSa 4 KaSa0a 4 5Ht 0
When s u l f u r  i s  u sed  i n  ex cess  a secondary  r e a c t io n
o c c u rs  i n  w hich i t  com bines w ith  th e  t r i s u l f i d e  to  form
th e  p e n ta s u lf id e *  A v a r i a t i o n  o f  th e  te m p e ra tu re  (below
100° )  and c o n c e n tr a t io n  does n o t  a l t e r  th e  n a tu r e  o f  th e  
re a c t io n *
H* Pomeranx (58) supposed t h a t  some h y d r o s u l f i t e  was 
formed*
W* S e le m e f f  (59) observed  t h a t  a l k a l i  n i t r a t e s  a r e
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n o t  decomposed when b o ile d  w ith  s u lfu r#  A s o lu t io n  o f  
p o ta ss iu m  dlehrom & te y ie ld s  chromium chrom atef p o tassiu m  
s u l f i t e *  end p o ta ss iu m  s u l f a t e *
B* P o l la o c i  (60) s a id  t h a t  hydrogen  p e ro x id e  does n o t  
o x id is e  f i n e l y  d iv id e d  s u lfu r*
3* S u lfu ro u s  A cid
S u lfu r  d io x id e  i s  form ed when s u l f u r  i s  burned  i n  
oxygen o r  a i r *  These v ap o rs  when le d  in to  w a te r  form s u l ­
fu ro u s  a d d *  HsSO**
A lso  s u l f u r  d io x id e  r e s u l t s  a s  a  p ro d u c t i n  many 
ch em ica l r e a c t io n s  in v o lv in g  s u l f u r  compounds* Only th o s e  
ta k e in g  p la c e  i n  aqueous s o lu t io n s  and w hich may have some 
p o s s ib le  co n n e c tio n  w ith  th e  problem  a t  hand w i l l  be review ed* 
S u lfu r  d io x id e  i s  produced by th e  a c t io n  o f  c o n c e n tra te d  
m in e ra l a d d s  on s u l f i t e s *  th lo s u l f a te s *  and a l l  p o ly th lo n ie  
a d d s *
L* G* Wesson (61) found t h a t  s o l id  m e ta h y d ro s u lf i te  
a lo n e  o r  m ixed w ith  a  d ry  s o l i d  p y r o s u l f a te  i s  h y g ro sco p ic  
i n  m o is t a i r*  and g iv e s  o f f  s u l f u r  d io x id e*
G* Weumann (62) o b ta in e d  s u l f u r  d io x id e  from  a  K lpp*s 
a p p a ra tu s  by u s in g  cubes made o f  ca lc ium  s u l f i t e  and p la s ­
t e r  o f  P a r is *  and c o n c e n tra te d  a d d *
E* G e ls e l  (63) and P* W# K u s te r  and F* Abegg (64) 
d e v ise d  an  a p p a ra tu s  f o r  p re p a r in g  th e  gas from concen­
t r a t e d  s u l f u r i c  a c id  and a s o lu t io n  o f  h y d ro s u lf i te *
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H« Oarroway (65) decomposed a  s o lu t io n  o f  sodium 
h y d r o s u l f i t e  by sodium h y d r o s u lf a te  o r  s u l f u r i c  so ld *  Most 
o f  th e  s u l f u r  d io x id e  I s  d r iv e n  o u t I n  th e  c o ld ,  th e  rem ain* 
d e r  by th e  i n j e c t i o n  o f  steam *
P* P ie r ro n  ( 66 ) o b ta in e d  s u l f u r  d io x id e  a t  th e  anode 
d u rin g  th e  e l e c t r o l y s i s  o f  ammonium th io s u l f a te *
A* F is c h e r  and Q* D elm areel (67) s tu d ie d  th e  e l e c -  
t r o l y t i c  o x id a t io n  o f  s u lfu ro u s  a d d ,  u s in g  a  p a r t i t i o n e d  
c e l l  d t h  s u l f u r i c  a o ld  o r  sodium s u l f i t e  a s  e a th o ly te ,  
and s u lfu ro u s  a d d  a s  a n o ly te ,  and a  n ic k e l  o r  p la tin u m  
c a th o d e , and a  c y l in d e r  o f  p la tin u m  gause a s  anode* B e t te r  
r e s u l t s  a r e  o b ta in e d  v l t h  low th a n  d t h  h ig h  c o n c e n tr a t io n s  
o f  th e  e l e c t r o ly t e s *  When oxygen b eg in s  to  be l i b e r a t e d  
a t  th e  anode , th e r e  i s  a  sudden d rop  i n  th e  c u r r e n t  
s tr e n g th *
M* de K* and H* J* Thompson ( 68) observed  t h a t  su l*  
fu ro u s  a d d  i s  e a s i l y  o x id is e d  a t  p la tin u m  e le c t ro d e s  to  
s u l f u r i c  a d d  a t  any c o n c e n tra t io n  below 95JJ# The p rim ary  
p ro d u c ts  o f  e l e c t r o l y s i s  a r e  hydrogen  and oxygen, s u l f u r  
d io x id e  b e in g  a  seco n d ary  p roduct*
D« F* Sm ith and J*  E* Mayer (69) c a lc u la te d  *0*138 
v o l t s  f o r  th e  r e d u c t io n  p o t e n t i a l  o f  
80*" ♦  4H+ *  SO, ♦  SH»0 
and th e y  gave *6550 c a lo r i e s  f o r  th e  d e c re a se  o f  f r e e  
e n e rg y , a t  25^* Comparing t h i s  r e s u l t  w ith  th e  v a lu e s  f o r  
ty d ro g e n  s u l f i d e  i t  fo llo w s  t h a t  th e  red u c in g  powers o f  
th e  two g a se s  i n  m o lar s o lu t io n  a r e  n e a r ly  e q u a l;  f o r
mh ig h e r  c o n c e n tr a t io n s  o f  hydrogen  io n  th e  re d u c in g  power 
o f  hydrogen  s u l f i d e  l a  g re a te r*  S u lfu r  d io x id e  i s  a red u c­
in g  a g e n t  I n  d i l u t e  a e ld  s o lu t io n  and an o x id is in g  ag e n t 
I n  c o n c e n tra te d  a e ld  s o lu t io n *
I n  th e  ca th o d e  r e d u c t io n  o f  s u l f u r  d io x id e  I n  a e ld  
s o lu t io n ,  hydrogen* s u l f i d e  l a  n o t  formed a s  a  p rim ary  
p ro d u c t , and I t  I s  th o u g h t t h a t  h y p o su lfu ro u s  a e ld — o r 
p o s s ib ly  t h l o s u l f u r l e  a d d ,  t h lo n l e  a d d ,  o r  an a c i t l v e  
form  o f  s u l f u r — i s  p r im a r i ly  formed*
A* A* Noyes and H* H* S te ln o u r  (70) found t h a t  th e  
B, o f  a  p l a t i n i s e d  p la tin u m  e le c t ro d e  In  a  so lu ­
t i o n  o f  s u l f i t e  io n s  and hydrogen io n s ,  u n d er q u ie t  cond i­
t i o n s ,  I s  f a i r l y  c o n s ta n t ,  b u t when th e  s o lu t io n  i s  a g i­
t a t e d  f o r  a  lo n g  t im e , £ becomes n e g a t iv e  and th e n  g ra d u a l ly  
in c r e a s e s  to  th e  v a lu e  f o r  th e  q u ie s c e n t  s ta te *  The p o te n t i a l  
i s  n o t  a c c id e n ta l ;  a t  £ 5 ° , i t  i s  g iv en  by B ■ -0*37  -0*0296 
lo g (H * )4^ * j i t  i s  a t t r i b u t e d  to  s u lfu ro u s  a c id ,  and a 
d eco m p o sitio n  p ro d u c t o f  t h i s  a d d *  I t  i s  in d ep en d en t o f  
th e  i n i t i a l  c o n d i t io n  o f  th e  e l e c t r o d e ,  and i s  s c a r c e ly  
a f f e c te d  by th e  p re se n c e  o f  s u l f u r i c ,  h y d ro c h lo r ic  o r  
d l th l o n le  a d d *  I t  i s  supposed to  be h y p o su lfu ro u s  a d d ,  
and th e  n e a r ly  c o n s ta n t  v a lu e  o f  B i s  s a id  to  be due to  th e  
r a t e  o f  p ro d u c tio n  o f  t h i s  a d d  from s u lfu ro u s  a d d ,  being  
e q u a l to  th e  r a t e  a t  which I t  sp o n tan eo u sly  decomposes*
The a d d i t io n  o f  s u l f u r  h as  no in f lu e n c e  on B a t  low tem­
p e r a tu r e s ,  b u t a t  h ig h e r  te m p e ra tu re s , I t  may e f f e c t  th e  
p o t e n t i a l  b ecau se  o f  th e  a c c e le r a te d  r a t e  o f  d eco m p o sitio n
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o f  t h e  h y p o su lfu ro u s  a d d .  The p o t e n t i a l  I s  co m p lica ted  
by th e  p re se n c e  o f  oxygen, s in c e  t h i s  l a t t e r  a s s i s t s  th e  
d eco m p o sitio n  o f  h y p o su lfu ro u s  a c id .
The aqueous s o lu t io n  o f  s u l f u r  d io x id e  I s  s lo w ly  
o x id is e d  I n  a i r ,  fo rm ing  s u l f u r i c  a c id ,  w h ile , C, L ,
R eese (71) found t h a t  d i l u t e  s o lu t io n s  a r e  r a p id ly  o x id is e d , 
J ,  P r i e s t l y  (78 ) and o th e r s  observed  t h a t  when an 
aqueous s o lu t io n  o f  s u l f u r  d io x id e  I s  h e a te d  some s u l f u r  
l a  fo rm ed ,
F , F o r s t e r  (75) and co -w orkers found t h a t  th e  a u to x l-  
d a tia n *
SH»SO» -  £H*SO« + H,0 ♦  S 
I s  e o a p le te  o n ly  a f t e r  s e v e r a l  days a t  1 0 0 ° , I t  i s  a u to -  
c a t a l y t i c ,  b e in g  a o c e le ra te d  by th e  s u l f u r  b u t r e ta rd e d  
by th e  hydrogen  io n s  form ed, Z t i s  a c c e le r a te d  by th e  
a c t io n  o f  l i g h t .  The mechanism o f  th e  change i s  com plex, 
t h l o s u l f u r l c  and p o ly th lo n lc  a d d s  be in g  form ed a s  in t e r *  
m ed ia te  p ro d u c ts ,
F , F o r s t e r  and co -w orkers c o n s id e r  t h a t  two d i f f e r e n t  
k in d s  o f  m o lecu les  m ust be p re s e n t  I n  th e  o x id a tio n  and 
r e d u c t io n  w hich I s  th e  f i r s t  s te p  i n  th e  p ro c e s s  o f  a u to x i-  
d a t lo n ;  th e y  c o n s id e r  t h a t  th e s e  two d i f f e r e n t  form s o f  
H50*~ 1 ons o r  o f  S*0»* io n s  r e a c t  a c co rd in g  to t
2HS0 »~ * SO** ♦ HftSO* ( a u l f o x y l lc  a c id )  
o r ,  8*0** *  80*s  + SO ( a u l f o x y l lc  an h y d rid e )
As In d ic a te d  i n  co n n e c tio n  w ith  th e  a c t io n  o f  l i g h t  
on a  s o lu t io n  o f  s u lfu ro u s  a c id  and th e  s u l f i t e s ,  i t  may
£4
assum ed t h a t  some py ro  s u lfu ro u s  a d d  I s  p r e s e n t  In  th e  
s o lu t io n  o f  s u lfu ro u s  a c id ,  and a c c o rd in g ly ,  H. B a s s e t t  
and R* 6 * D u rra n t (74) assume t h a t  th e  to o  k in d s  o f  mole­
c u le s  cono em ed  i n  th e  f i r s t  s t a t e  o f  a u to x id a t io n  a r e  
HaSO* end HaSaOa ,  and th e  r e a c t io n  p rooeedss 
H |SO | 4  H |8 |0 §  H1SO4 4 H |S |0 |
w here h y p o su lfu ro u s  a d d  i s  th e  m ost p ro b a b le  p ro d u c t i n
th e  f i r s t  s ta g e  o f  th e  r e d u c t io n  o f  th e  p y ro su lfu ro u s  
a d d *  Owing to  i n s t a b i l i t y  o f  t h i s  a c id ,  p ro o f  i s  d i f f i ­
c u l t ,  a l th o u g h  £* J u n g f le i s c h  and L* B ru n e i (75) and F# 
F o r s t e r  (75) o b se rv ed  t h a t  h y p o su lfu ro u s  a e ld  i s  formed 
u n d e r  some c o n d itio n s*
B a s s e t t  and D u rran t (74) s a id  th e  o n ly  r e a c t io n  f o r  
h y p o s u l f l t e  i n  s u l f i t e  s o lu t io n  underg o in g  a u to x id a t io n  
i s  th e  b le a c h in g  o f  in d ig o *  They say  t h a t  t r l t h l o n l c  a d d
i s  th e  i n i t i a l  d eco m p o sitio n  p ro d u c t o f  t h i o s u l f u r i c  ac id*
2HsS*0a HgS 4 HaSaOa 
and t h i s  g ra d u a l ly  y ie ld s  t e t r a t h i o n i c  and p e n ta th io n ic  
a d d s  a s  th e  c o n c e n tr a t io n  o f  th e  s u lfu ro u s  a d d  d im in ish e s  
w ith  th e  p ro g re s s  o f  th e  a u to x id a t io n .  The p o ly th io n ic  
a d d s  decompose i n  t h e i r  tu r n ,  and th e  f i n a l  p ro d u c ts  o f  
th e  a u to x ld a t la n  a r e  s u l f u r  and s u l f u r i c  a e ld .  On acco u n t 
o f  t h i s  p o ly th io n ic  a c id  fo rm a tio n  d u rin g  a u to x id a t io n ,  
t r i -  and t e t r a t h i o n i c  a d d s  a re  a lm o st alw ays p r e s e n t  in  
o ld  s u lfu ro u s  a c id  s o lu t io n s ,  w hether th e s e  have been 
e n t i r e l y  p ro te c te d  from  a tm o sp h eric  o x id a tio n  o r  n o t .
As th e  th lo n le  a c id s  a r e  slow ly  decomposed in  a c id  s o lu t io n ,
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th e  amount s u rv iv in g  I n  any g iv en  e a se  depends upon th e  
ag e  and co m p o sitio n  o f  th e  so lu t io n *  Ho s e p a ra t io n  o f  s u l f u r  
o c c u rs  f o r  a  lo n g  tim e , because  th e  ex c ess  o f  s u lfu ro u s  
a c id  s t a b i l i s e s  b o th  th e  a u l fo x y l lc  and th e  t h i o s u l f u r i c  
a e id s  by y ie ld in g  w ith  them th e  s u l f u r  d io x id e  a d d i t io n  
com plexes* F orm ation  o f  t h i o s u l f a t e  from  s u l f i t e  and s u l­
fu r*  a c c o rd in g  to  th e  r e a o t io n t
H ,S ,0 ,  HaSOa + 8 
i s  g r e a t ly  f a c i l i t a t e d  a s  w e ll  a s  th e  fo rm a tio n  o f  t r i -  
t h io n a te i
8 H |S |0 |  ^  H| 6  ♦ HaSaOa 
th e  hydrogen  s u l f i d e  i s  removed by in t e r a c t i o n  w ith  s u l -  
f o x y l ic  a e id t
HaS + S(OH)t  ^ 2 8  + 2H,0 
w ith  p y ro s u lfu ro u s  a e id s
HaSaOa + Ha8 *=£ S(OH)a ♦ HO.S.O.S.OH 
o r  w ith  s u l f u r  d io x id e  o f  th e  complex HaSa0 a (80a ) a i
HaS ♦  (6 0 ,)  *  S ♦ S (0H ),
S x i le  th e  t h i o s u l f a t e  i s  formed d u r in g  th e  a u to x id a*  
t i o n  o f  su lfU ro u s  a c id ,  th e  a c i d i t y  o r  hydrogen io n  
c o n c e n tr a t io n  in c r e a s e s ,  and th e  a d d i t io n  o f  a d d  I s  un­
fa v o ra b le  to  th e  r e a c t io n .  On t h i s  acco u n t p y r o s u l f l t e  
s o lu t io n s  undergo a u to x id a t io n  much more r a p id ly  th a n  s u l­
fu ro u s  a d d  s o lu t io n s .  T h is  e f f e c t  o f  th e  hydrogen io n  i s  
co n n ec ted  w ith  I t s  e f f e c t  In  th e  e q u i l i b r i s t
H* ♦  H 80," H*S0, ?=* H,0 t  B0a
The more a d d  th e  s o lu t io n  th e  more s u l f u r  d io x id e  we have
mp r e s e a t ,  and s in c e  th e  a u to x id a t io n  becomes c o rre sp o n d in g ly  
s lo w e r , t h i s  f a v o rs  th e  view  t h a t  s u l f u r  d io x id e  i s  one 
o f  th e  p rim ary  r e a c ta n ts #
V ario u s  l i q u i d s  o th e r  th a n  w a te r  were shown by E# 
m atthew s (76) to  f a v o r  th e  r e a c t io n  o f  hydrogen s u l f i d e  
w ith  s u l f u r  d io x id e }  and th e  assum ption  t h a t  pyro  s u lfu ro u s  
a e ld  i s  one o f  th e  p rim ary  p ro d u c ts  o f  th e  r e a c t io n  i s  
su p p o rte d  by G# M# B e n n e tt1s  (77 ) o b s e rv a tio n  t h a t  s u l f u r ,  
o r  even hydrogen  s u l f i d e ,  was l i b e r a t e d  when sodium s u l f i t e  
o r  pyro  s u l f i t e  i n  th e  s o l id  s t a t e  o r  i n  a  s a tu r a te d  so lu~  
t i o n ,  was added to  h o t  c o n c e n tra te d  s u l f u r i c  o r  p h o sp h o ric  
a e ld #  S u lfu r  d io x id e  o r  i t s  s a tu r a te d  s o lu t io n  i n  w ate r 
do n o t  a c t  t h i s  way# Zn c o n c lu s io n , H# B a s s e t t  and H* G. 
t h r c a n t  (73 ) added t h a t  th e  re d u c t io n  o f  s u lfu ro u s  a c id  
i n  aqueous s o lu t io n  p ro b ab ly  p ro ceed s n o rm a lly  to  hyuo- 
s u l f i t e ,  and n o t  d i r e c t l y  to  s u l f u r  o r  hydrogen s u lf id e #
T hese s u b s ta n c e s  a r e  p ro d u c ts  o f  th e  r e d u c t io n  o f  hypo*- 
s u l f u r o u s ,  s u l f o x y l l c ,  o r  t h l o s u l f u r i e  a d d #
F# F o r s t e r  (79) showed th a t  th e  spon taneous decompo­
s i t i o n  o f  s u lfu ro u s  a d d  i s  a u t o e a t a ly t i c ,  and i s  a c c e le r a te d  
by th e  p re se n c e  o f  selenium # The f i r s t  p ro d u c ts  o f  th e  
r e a c t io n  a r e  s u l f u r i c  and t r l t h i o n l e  a c id s ,  b u t n o t  t e t r a -  
th lo n le  a e id t
4HS0, ** S04* 4* 8 |0§^  e  HgSOa
The s lo w er th e  r e a c t io n  th e  g r e a te r  th e  d eco m p o sitio n  o f  
th e  t r l t h l o n a t e  a c co rd in g  to  th e  eq u a tio n s
8 ,0 ,®  ♦  H*0 ^  804* ♦ 8 ,0 ,®  ♦ 8H*
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The a u to e & ta ly t ie  n a tu r e  o f  th e  m ain r e a c t io n  i s  a s c r ib e d  
to  th e  hydrogen  Io n  whose c o n c e n tr a t io n  in c r e a s e s  more 
r a p id ly  th a n  i s  shown by m eth y l o range t i t r a t i o n  due to  
th e  d is a p p e a ra n c e  o f  th e  b i s u l f i t e  io n *  The mechanism o f  
th e  p ro c e s s  I s  a s  fo llo w s : The s e le n o - d i th io n a te  io n  
form ed r a p id ly  by th e  a e t io n  o f  hydrogen s u l f i t e  so lu ­
t i o n  on se len iu m  o r  on s e le n io u s  a d d ,  und erg o es decompo­
s i t i o n ,  a c c e le r a te d  by th e  hydrogen io n :
SeS,0,X ♦  H»0 -  S04*  ♦ SaSO,= ♦  8H+
I n  th e  p re se n c e  o f  hydrogen s u l f i t e  io n s  a  s e r i e s  o f  
r e a c t io n s  ta k e s  p la c e :
SeSO* ♦  SB* SeO ♦ SO + H*0
I
SeO ♦ 2HS0," » 8 « S ,0 ,* + H,0
80 ♦  2HS0,” » S,04= ♦  Hg0
I n  th e  ab sen ce  o f  se len iu m , th e  hydrogen s u l f i t e  io n  
decom poses v e ry  s lo w ly , a c co rd in g  to  th e  e q u a tio n :
4HS0,~ *  SS04S ♦ 8a0*S + 2H* ♦ H,0 
The r e s u l t i n g  hydrogen io n s  i n  t h i s  c a se  a l s o  e f f e c t  
a u t o c a t a l y s i s ,  p ro b ab ly  th rough  th e  fo rm a tio n  o f  p o ly -  
th io n a te s *
L* J # Thenard (80) and Meyer (81) found t h a t  
hydrogen  p e ro x id e  o x id is e s  s u lfu ro u s  a c id  and s u l f i t e s  
t o  s u l f a t e s ;  and A* H abl (82) r e p re s e n te d  th e  r e a c t io n :
£Hj|80g ♦  HgOf m 2H |0 4* H |3 g 0 | 
fo llo w ed  by:
♦  Bs0* * 2Hj 804
F# F o r s t e r  (85) s a id  t h a t  th e  r e a c t io n s  
( a )  5H .S0 , «  8 8 0 ,*  + 4H* ♦  8 <► H,0
i s  v e ry  slow  r e q u i r in g  many days f o r  co m p le tio n  a t  100°  
and two days a t  180°• The mechanism i s  a s  fo llo w s  where 
r e a c t io n  (b ) i s  by f a r  th e  s lo w e s t!
(b) £HS0, ‘' a 80,* * H,0 * 80
<«) 880 ♦ H,0 ==? 8, 0,* ♦ 8H*
(d) H80,~ ♦ 8 ^ 8, 0,® ♦ H*
(•) 58, 0,* ♦ 6H «> 88,0,® * ZH,0
(O 8,0, ” ♦ H80," ■ 8, 0,  * 5, 0,® *
(c) 8*0,* * HS0,~ •  8,0* ♦ 8, 0,* +
00 8, 0,* ♦ H,0 » SO,* ♦ 8, 0,® ♦ 2H+
B. Heumann and P« W llezewsky (84) r e p re s e n te d  th e  
r e a c t io n  o f  m o is t s u l f u r  d io x id e  w ith  c h lo r in e  a s  fo llo w s!
S08 4  C l ,  4  H,0 «  SO, 4  2HC1 
I n  aqueous s o lu t io n !
SO, 4  2H,0 4 C l ,  « 2HC1 4  B ,S04 
C* Mayr and J*  P ey fu ss  ( 88) r e p re s e n te d  th e  r e a c t io n  w ith  
brom ine!
8 0 , 4 2H,0 4 B r , *» 2HBr 4 H ,304 
A ccording to  It* Bunsen (36) th e  o x id a tio n  o f  s u lfu ro u s  
a c id  by io d in e  I s  com pletes
8 80 , 4 4H,0 4 2 1 , *  ,E ,S 0 4 4 4HX 
p ro v id ed  th e  s o lu t io n  c o n ta in s  l e s s  th a n  0«04£ ae ld #  
A ccord ing  to  J* V olhard  (8 7 ) I 
8 0 , 4  4HI *  2H,0 4 2 1 , 4 8 
8 8 0 , 4  4H, 0  4 41 * 2H,S04 4  4HI
£9
o n
3 8 0 , + £H,0 * 4HS *  8H*S04 ♦ 6 ♦  4HX 
The a c t io n  o f  hydro  s u l f i t e s  and io d in e !
JBNaHSO, ♦  2Xa ♦  £H*0 «  £NaHS04 ♦ 482 
was s tu d ie d  by R. Bunsen ( 88) ,  M. J .  Fordos and A. G e lis  
(8 9 ) and o th e rs*
£ • S o k o to ff  and P . I*. M altschew sky (90) s a id  t h a t  
some d l th io n lo  a c id  i s  form ed!
SSaHSO* ♦  I ,  ■ SNaX ♦ H*S*04 
R» O tto  and J*  T ro g e r  (91) r e p re s e n te d  th e  r e a c t io n  
w ith  a  m ix tu re  o f  s u l f id e s  and s u l f i t e s  by th e  e q u a tio n s !
H a,6  + I  *  SNaX ♦  S
He,SO, 4  8 s* N a ,S ,0 ,
W. P e l t  and C* K ub ierschky  (9£) found t h a t  brom ic 
a e ld  c o m p le te ly  o x id is e s  s u lfu ro u s  a e ld  to  s u l f u r i c  ac id #  
The a c t io n  o f  b rom ates was s tu d ie d  by W. S* H en d rix - 
son (93 ) and he  a t t r i b u t e d  th e  in c o m p le ten e ss  o f  th e  
r e a c t io n  in  a e ld  s o lu t io n  to  some d i th io n a te *
S u lfu r  d io x id e  and s u lfu ro u s  a d d  do n o t  r e a c t  w ith  
s u l f u r ,  a lth o u g h  H» Debus (94) s a id  t h a t  w ith  s u lfu ro u s  
a d d  an i n s i g n i f i c a n t  amount o f  p e n ta th lo n ic  a c id  was 
form ed; and A* C o lfax  (95) found t h a t  i n  d a rk n ess  and 
a t  o rd in a ry  te m p e ra tu re s , and more r a p id ly  a t  e le v a te d  
te m p e ra tu re s ,  we have th e  fo rm a tio n  o f  n o t p e n ta th lo n ic  
a e ld ,  b u t r a th e r  d i - ,  t r i - ,  o r  t e t r a t h i o n i c  a c id ,
J ,  S t^ h g le  and T . Morawsky (96) found t h a t  hydrogen 
s u l f i d e  decoaposea s u lfu ro u s  a c id  y ie ld in g  p e n ta th lo n ic
so
a d d  and s u l f u r ,  w h ile  W» S p rin g  (97) and H* H e r t le in  (98) 
n o te d  th e  fo rm a tio n  o f  s u l f u r ,  t e t r a t h i o n i c ,  and d i th l o n le  
a c id s*
1* R i t t e r  (99) observed  t h a t  w i l l  a l k a l i  s u l f i d e s ,  
s u l f a t e s  a r e  p roduced ; and J* V olhard  (100) t h a t  s u l f u r ,  
s u l f a t e  and h y p o s u lf i te  a re  formed# E* D iv e rs  and T» 
Shlm ldzu (101) found t h a t  w ith  h y d ro s u lf id e s  th io s u lf& te s  
a r e  produced#
R# Weber (102) found t h a t  n i t r o u s  a e ld  o x id is e s  
s u lfu ro u s  a c id  a t  o rd in a ry  te m p e ra tu re s  to  s u l f u r i c  ae ld #  
Aqueous s o lu t io n s  o f  n i t r i c  a c id  and s u lfu ro u s  a c id  
do n o t  r e a c t  a t  o rd in a ry  te m p e ra tu re s  a c c o rd in g  to  F# 
R aseh ig  (105)#
W# S . H endrixson  (104) s tu d ie d  th e  red u c in g  a c t io n  o f  
s u lfu ro u s  a d d  on d ich ro m a tes  which I s  Inco m p le te  i n  a e ld  
s o lu t io n  due to  th e  fo rm a tio n  o f  some d ith io n a te *
A lk a lin e  s o lu t io n s  o f  s u l f u r  d io x id e  were found by 
F# H eeren (1 0 5 ) , L* P . de St* G i l le s  (1 0 6 ) , M# J# Fordos 
and A* G e lis  (1 0 7 ) , and J* H# B u ig n e t (108) to  be a lm o st 
co m p le te ly  o x id iz e d  to  s u l f a t e  by perm anganate b u t i n  
a d d  s o lu t io n  ab o u t o n e - f i f t h  goes to  d i th lo n le  ac id#
T* S* Dynond and F* Hughes (109) s a id  th e  r e a c t io n  1 st 
17H ,S0, 4  6B£n04 * SKaS*0e + K*SQ4 + 61lnS04 ♦ 6H4S04
♦  llHjgO
I f  s u lfu ro u s  a e ld  i s  In tro d u c e d  in to  an ex cess  o f  perman­
g a n a te ,  s u l f u r i c  a d d  a lo n e  i s  produced*
The o x id a t io n  o f  s o lu t io n s  o f  sodium s u l f i t e  in  a i r
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I s  g r e a t e r  th e  l e s s  th e  c o n c e n tr a t io n  o f  th e  s a l t*  A 
20% s o lu t io n  i s  n e g l ig ib ly  o x id iz e d  by exposu re  to  a i r*
S . L* B igelow  (110) a l s o  n o t ic e d  t h a t  th e  cu rv es  r e p r e ­
s e n t in g  th e  c o n c e n tr a t io n  o f  th e  s o lu t io n  w ith  tim e a r e  
s t r a i g h t  l i n e s  u n t i l  a c o n c e n tr a t io n  o f  0 »002N sodium 
s u l f i t e  i s  re a c h e d  when th e y  r a p id ly  bend down showing 
a  marked d e c re a s e  i n  th e  speed  o f  o x id a tio n *  t h i s  i s  
e x p la in e d  by assum ing t h a t  th e  v e lo c i ty  c o n s ta n t o f  th e  
r e a c t io n  i s  l a r g e ,  so t h a t  u n t i l  th e  c o n c e n tr a t io n  o f  th e  
s o lu t io n  i s  s m a ll ,  oxygen i s  removed from th e  s o lu t io n  
f a s t e r  th a n  i t  I s  absorbed*
A ccord ing  to  E. H* R ie s e n fe ld  and T* F* E g id iu s  ( i l l ) ,  
a  n e u t r a l  s o lu t io n  o f  sodium s u l f i t e  r e a c t s  w ith  ozone, 
fo rm ing  s u l f a t e  and d i th io n a te #
A# Long! and L# B onavia (112) found sodium d io x id e  
r e a d i ly  o x id iz e s  s u l f i t e s  q u a n t i t a t i v e ly  to  s u l f a te *
4# S u l f u r ic  A eld
S u lfu r  t r l o x i d e ,  SO#, th e  an h y d rid e  o f  s u l f u r i c  
a d d  I s  produced to  th e  e x te n t  o f  abou t two p e rc e n t i n  th e  
o rd in a ry  com bustion  o f  s u l f u r .  The e q u ilib r iu m
2 SO8 + 0 8 ^  280# 
can  be s h i f t e d  a lm o st co m p le te ly  to  th e  r i g h t  by u se  o f  
a c a t a l y s t  u n d er th e  p ro p e r  c o n d itio n s*
However, i n  t h i s  work we a re  n o t  i n t e r e s t e d  i n  th e  
r e a c t io n s  o f  th e  d ry  gas b u t r a th e r  in  r e a c t io n s  which 
o c c u r  I n  aqueous s o lu t io n  which g iv e  r i s e  to  s u l f u r i c  ac id*
mThe rev ie w  o f  th e  l i t e r a t u r e  was c a r r ie d  o u t w ith  t h i s  
Id e a  l a  mind*
E* B e cq u e re l (113) s t a t e d  t h a t  s u l f u r i c  a c id  co u ld  
be p roduced  by th e  a c t io n  o f  v a r io u s  o x id iz in g  a g e n ts — 
c h lo r in e ,  h y p o ch lo ro u s a d d ,  n i t r i c  a c id ,  and a m ix tu re  o f  
n i t r i c  a c id  and p o ta ss iu m  c h lo r a te — on s u lfu r*
The fo rm a tio n  o f  s u l f u r i c  a c id  by th e  o x id a tio n  o f  
s u l f u r  d io x id e  by hydrogen  p e ro x id e , th e  h a lo g e n s , hypo- 
c h lo ro u s  a c id ,  n i t r i c  a c id ,  and by many s a l t s  o f  th e  m e ta ls ,  
h a s  been d is c u s s e d  u n d er S u lfu ro u s  Acid*
Com m ercial p ro c e s s e s  have been su g g ested  f o r  o x id iz in g  
s u l f u r  d io x id e  w ith  c h lo r in e  to  p roduce h y d ro c h lo r ic  and 
s u l f u r i c  a d d s  s im u lta n e o u s ly !
S0a + 2HS0 ♦ Cl* * H*S04 ♦  2HC1 
e*g* W. H aehner (1 1 4 ) , H* T o b le r (1 1 5 ) , and A* Coppadoro (116)*
B. Neumann and F* W llczewsky (117) o b ta in e d  s u l f u r i c  
a e ld  and h y d ro c h lo r ic  a c id  from s u lfu ro u s  a c id  and c h lo r in e *  
S u l f u r ic  a c id  I s  formed by th e  a c t io n  o f  o x id iz in g  
a g e n ts  on th e  p o ly th io n ic  a c id s  and on th io  s u l f u r i c  a c id s  
o r  th io s u l f a te s *  E* F . Sm ith (113) o b ta in e d  s u l f u r i c  a c id  
a s  a  p ro d u c t o f  th e  e l e c t r o x id a t io n  o f  m e ta l s u lf id e s *
A ccording  to  A* von Bayer and V* Y i l l i g e r  (1 1 9 ) , 
hydrogen  d io x id e  r e a c t s  w ith  c o n c e n tra te d  s u l f u r i c  a c id ,  
fo rm ing  p e rm o n o su lfu ric  a c id ,  H*SQ»; and T* M. Lowry and 
J« N. West (120) s tu d ie d  th e  e q u ilib r iu m  c o n d itio n s  o f 
th e  r e a c t io n s !
H*0* + H*S04 ^  B*S0* ♦ H*G
ma d  HftQa ♦  £HaSG4 »  HiSiOq <4 2Ht 0
M* B e r th e lo t  (121) s t a t e d  th a t  th e  r e a c t io n  would n o t  ta k e  
p la c e  i f  th e  s u l f u r i c  a d d  c o n ta in e d  two e q u iv a le n ts  o f  
w a te r  o r  so re *
J*  L* Gay L ussae  (122) a d  J*  K olb (123) s t a t e d  t h a t  
t h e  h y p o c h lo r i te s  a r e  decomposed by s u l f u r i c  a c id ,  fo rm ing  
h y p o eh lo ro u s  a d  h y d ro c h lo r ic  a d d s ,  a d  some c h lo r in e  
th ro u g h  th e  d eco m p o sitio n  o f  th e  h y p o eh lo ro u s a d d *
F . won S ta d lo n  (124) a d  G* 8 * S e r u l la s  (185) s a id  
t h a t  th e  p e r c h lo r a te s  a r e  n o t decomposed a t  te m p e ra tu re s  
below  100° by c o n e a t r a t e d  s u l f u r i c  ae ld *
F* C* V ogel (126) showed t h a t  when c o n c e n tra te d  s u l ­
f u r i c  a c id  i s  h e a te d  w ith  s u lfu r*  s u l f u r  d lo d .d e  i s  
formed* R. H. i d l e  (127) observed  t h a t  s u l f u r  d io x id e  
a p p e a rs  a t  200°* a d  no  hydrogen s u l f i d e  I s  formed*
F . C. V ogel (126) s a id  t h a t  when hydrogen s u l f id e  I s  
p a ssed  i n t o  s u l f u r i c  ae ld *  w ate r I s  form ed a s  w e ll a s  some 
s u lfu ro u s  a d d  and s u lfu r*  b u t when th e  a c id  I s  d i lu t e d  
w ith  fo u r  volum es o f  w ater*  no r e d u c t io n  occurs*
A ccord ing  to  A« P* deFourcroy  a d  L* N* V auquelin  
(128)* when s u l f u r  d io x id e  I s  p assed  in to  w e ll-c o o le d  
s u l f u r i c  a d d *  no h y p o su lfu ro u s  a d d  i s  formed* b u t th e  
f r o s a  mass e v o lv e s  s u l f u r  d io x id e  when thawed*
5* T h io s u lfu r lc  A d d
A ccord ing  to  C* F* Rammelsberg (129) a d  E* D iv ers  
and  H* Ogawa (130) when a s o lu t io n  o f  ca lc ium  th l o s u l f a t e —
Mo b ta in e d  by b o i l in g  lim e  and s u l f u r  to g e th e r  w ith  w a te r ,  
and le a v in g  th e  s o lu t io n  u n t i l  much o f  th e  p e n ta s u l f ld e  
h a s  o x id is e d — i s  t r e a t e d  w ith  an e x c ess  o f  ammonium c a r -  
b o n a te ,  f i l t e r e d ,  and f r e e l y  exposed t o  a i r  f o r  some tim e 
a t  50*60*4 * c o n c e n tra te d  s o lu t io n  o f  ammonium t h l o s u l f a t e  
i s  o b ta in e d ,  f r e e  from  s u l f a t e  and o th e r  s a l t s *
£ •  D iv e rs  and If* Ogawa (131) found t h a t  th e  s a l t  
decom poses v e ry  s lo w ly  a t  1 5 0 ° , th e  main p ro d u c ts  be ing  a  
su b lim a te  o f  anhydous norm al s u l f i t e  and a  r e s id u e  o f  
im fu sed  s u lfu r*
A ccord ing  to  P* P i e r r  on (1 5 2 ) , when ammonium th io *  
s u l f a t e  i s  e l e c t r o ly s e d  i n  a com partm ent c e l l ,  w ith  a 
p la tin u m  ca th o d e  and le a d  anode , below 1 5 ° , ammonium s u l­
f i d e  i s  th e  o n ly  p ro d u c t o b ta in e d  a t  th e  c a th o d e , w h ile  
a t  th e  anode , s u l f u r ,  w ith  v a r io u s  p ro p o r tio n s  o f  s u l fu ro u s ,  
s u l f u r i c ,  t r i t h l o n l e ,  and t e t r a t h i o n i c  a e id s  i s  formed*
The am ounts o f  s u l f u r  and s u l f u r i c  a c id  in c r e a s e  w h ile  t h a t  
o f  t e t r a t h i o n i c  a e ld  d e c re a se s  a s  th e  c u r r e n t  d e n s i ty  
r i s e s  from  10 to  40 am peres p e r  sq u a re  dec im eter*
F . C h a u ss le r  (133) p rep a red  sodium t h l o s u l f a t e ,  
la « 8 s0 t~ w h ie h  h e  c a l l e d  h y d ro s u lfu re  s u lf u r e  de soude— 
from  s u lfu ro u s  a d d  and sodium s u l f i d e ,  o r  from sodium 
s u l f i t e  and hydrogen  s u lf id e *  L* N* V auque lin  (134) 
p re p a re d  what he c a l l e d  s u l f i t e s  s u l f u r e s ,  by d ig e s t in g  
a  s o lu t io n  o f  sodium s u l f a t e  o r  s u l f i t e  w ith  s u l f u r ;  and 
J* F* W* H e rsc h e l (135) c a l le d  th e  s a l t  h y p o s u l f l te  o f  
so d a , and o b ta in e d  i t  by o x id iz in g  a s o lu t io n  o f  ca lc iu m
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h y d ro s u lf id e  i n  a i r ,  and su b seq u en t d o u b le  deeom postlon  
w ith  a  sodium s a l t*  The s a l t  i s  p roduced by th e  a c t io n  o f  
s u l f u r  on th e  a l k a l i  h y d ro x id e  o r  c a rb o n a te , o r  by th e  
a c t io n  o f  s u l f u r  on th e  h y d ro x id es  o r  c a rb o n a te s  o f  th e  
a l k a l i n e  e a r th s  and su b se q u e n tly  tr a n s fo rm in g , e* g . c a l~  
eium  th io su l£ e & e  i n t o  th e  sodium s a l t  by d oub le  decompo­
s i t i o n  w ith  a l k a l i  s u l f a t e  and c r y s t a l l i s a t i o n *
II* J .  Fordos and A* G e lia  (136) showed t h a t  r a th e r  
a c r e  t h l o s u l f a t e  i s  form ed th a n  co rre sp o n d s  k i t h  th e  r e a c t io n !
3Ha*0 ♦  nS ♦  Ha0 *  2NaaS£_jg ♦ H ft|S(G | + Ha0 
0* J*  B* S en d eren s (137) s a id  t h a t  t h i s  r e a c t io n  a p p l ie s  
o n ly  to  a  U n i t i n g  s t a t e  when th e  s o lu t io n s  a r e  s u f f i c i e n t l y  
c o n c e n tra te d  to  a llo w  th e  fo rm a tio n  o f  a h ig h  p o ly s u l f id e ;  
w ith  d i l u t e  s o lu t io n s ,  th e  p o ly s u l f id e  form a t h l o s u l f a t e  
and hydrogen  s u l f id e *  The r e a c t io n  w ith  a l k a l i  c a rb o n a te  
can  be sym bolised !
33a,C 08 ♦  88 *  HaaSaOa + 2Naa Sa + 3C0a 
and w ith  m ilk  o f  lim es
Ca(0H)a *  6 *  CaS ♦ Ha0 ♦ 0 
Ca6 ♦  30 » Ca30*
Ca80a ♦  S «  CaSaOa 
CaS ♦ 48 *  CaSa 
H* Pom erans(13S) supposed th a t  th e  r e a c t io n  r e s u l t s  
i n  th e  fo rm a tio n  o f  s u l fo x a la te s
4NaOH ♦ 28 » NaaS *  Naa80a + SHa0 
o r  3»a0H ♦ 28 « 3 a aS ♦ NaHSO* + Hx0
C* F ah lb e rg  and II* W* l i e s  (139) s a id  t h a t  th e  m olten
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a l k a l i  h yd rox ide*  I f  n o t  i n  excess, r e a c t s  w ith  s u l f u r  to  
f o r a  p o ly s u l f id e  and th lo s u l f a te *  b u t I f  I n  excess*  a l k a l i  
s u l f i t e  and s u l f a te *
T h lo s u l f a te  i s  a l s o  produced  by th e  a c t io n  o f  s u l f u r  
on a l k a l i  o r  a l k a l i n e  e a r th  s u l f a te s *  phosphates*  o r  
ehrom&tes* Thus* T» S a ls e r  (140) gavet 
Bffa«Pa0f  ♦  IBS 4  3H,0 *  £N a,S , 4  H a,8 ,0 ,  4  6Na,HP,0f
4 (n~6)Ha4P ,0 f  
T h io  s u l f a t e s  a r e  p roduced by th e  a c t io n  o f  hydoogen 
s u l f i d e  o r  a l k a l i  s u l f id e s  on s u l f u r  d io x id e  o r  s u l f i t e s *  
Thus* L* M* V au q u e lin  (141) showed t h a t t  
£Na,8  4 3 3 0 , *  £ N a ,S ,0 , 4 S 
and E* D re e h se l ( l4 £ ) t
H a ,8,Of 4 SNaSH ® N a,S04 4 H a ,S ,0 , 4 H,S 
th e  Chemlsche F a b r ik  G rle sh e im -E le e tro n  (143) I
SHaHSO, 4 2Na,S 4 £ 3 0 , * 3N a,80 , 4 H,0 
F* B aseh lg  (144) r e p re s e n te d  th e  r e a c t io n s
SHaHSO, 4 2Ha,S *  £H a,S0, 4 3 N a ,S ,0 , 4 3H,0 
P . F o r s t e r  (145) showed th a t !
H,S 4 H ,S 0 , ^  H ,S ,0 , 4 H,0 
w here th e  in te rm e d ia te  p ro d u c t i s  co n v e rted  by an ex cess  
o f  s u lfu ro u s  a e ld  I n to  a u l fo x y l lc  a e ld  which becomes 
p o ly m erised  to  t h l o s u l f u r i e  a c id i
H ,S ,0 , 4 H ,S 0 , 4 H,0 m 3H ,S0, 
and £H ,S0, * H ,S ,0 , 4 H,0
The p ro d u c tio n  o f  t h l o s u l f u r i e  a c id  may* th e re fo re *  
be ex p ec ted  to  be th e  end p o in t  o f  th e  changes I f  th e
r e a c t io n  can  be cond u c ted  u n d er c o n d i t io n s  such  t h a t  th e  
hydrogen  io n  c o n c e n tr a t io n  l a  I n s u f f i c i e n t  to  a f f e c t  th e  
s t a b i l i t y  o f  th e  t h l o s u l f a t e  ion*  These c o n d i t io n s  a r e  
r e a l i s e d  e x p e r im e n ta lly  when an aqueous s o lu t io n  o f  sodium 
h y d ro s u lf id e  and sodium h y d r o s u l f i t e  I n  th e  m o le cu la r  
p ro p o r t io n s  I t £ a r e  m ixed, whereby sodium t h l o s u l f a t e  i s  
o b ta in e d  d i r e c t l y  and In  a  h ig h  d eg ree  o f  p u r l ty t  
JBNaHS + 4VaHS0* *  3 N a ,S ,0 , + 3H,0 
The p r e p a r a t io n  o f  sodium th l o s u l f a t e  from  sodium 
s u l f i d e  and s u l f u r  d io x id e  o r  from sodium s u l f i t e  and 
hydrogen  s u l f i d e  o c c u rs  v e ry  sm oothly and a lm o st w ith o u t 
s e p a r a t io n  o f  s u l f u r  when a l k a l i  h y d ro x id e  I s  added I n i t i a l l y  
t o  th e  s o lu t io n  i n  such  amount a s  to  le a d  u l t im a te ly  to  
th e  p re se n c e  o f  HaHS and HaHSO* i n  th e  c o r r e c t  p ro p o rtio n s*
H* B a s s e t t  and B* G* D u rran t (146) added t h a t  th e  
s y n th e s is  o f  th e  t h l o s u l f a t e  h e re  In v o lv e s  th e  c o n se c u tiv e  
r e a c t io n s i
H*S ♦ Ha&aOf ^  HO*S.O.S*OH + S(OH)t  
H,S 4  (OH)aS ^  2 B t  2H»0 
8 ♦ 2H*S0a ^  Ha6 ,0 #
A lk a l i  fav o rs  th e  t h l o s u l f a t e  fo rm a tio n  i n  th e  l a s t  re a c tio n *  
H ence, In  a l k a l i n e  s o lu t io n  b o th  t h l o s u l f a t e  and a m ix tu re  
o f  s u l f id e  and s u l f i t e  a re  e q u a lly  s ta b le *  Only in  th e  
neighborhood  o f  th e  n e u t r a l  p o in t  I s  a  s y n th e s is  o f  th io *  
s u l f a t e  p o s s ib le  by t h i s  method* S u lf id e  and s u l f i t e  do 
n o t  r e a c t  i n  a l k a l i n e  s o lu tio n *
L* A* Buchner (147) a ls o  showed th a t  hydrogen s u l f id e
o r  an  a l k a l i  s u l f i d e  may f u r n i s h  t h l o s u l f a t e  by r e a c t in g  
w ith  b o i l in g  s o lu t io n s  o f  d i f f e r e n t  a l k a l i  s a l t s  i n  a i r —* 
e . g .  b o r a te s ,  c h l o r a t e s ,  a c e t a t e s ,  t a r t r a t e s ,  and phos*» 
p h a te s f  and G. C hance l and E . D lacon (148) show t h a t  w ith  
t e t r a t h l o n a t e a  t
Ha*S 4  &as &40 t  * S ♦ ^ a , 8 | 0 |
T h lo s u l f a te s  awe a ls o  formed by th e  o x id a t io n  o f  
s o lu t io n s  o f  s u l f i d e s  o r  p o ly s u l f id e s ,  t h u s ,  i n  th e  e lec~  
t r o l y s i s  o f  a  s o lu t io n  o f  sodium s u l f id e  o r  sodium hydro** 
s u l f i d e ,  F . W. Durkee (149) o b serv ed  t h a t  th e  t h l o s u l f a t e  
i s  form ed a s  an  in te rm e d ia te  p ro d u c t o f  th e  o x id a tio n  o f  
s u l f i d e s  to  s u l f a t e s .  D uring  th e  e l e c t r o l y s i s  o f  a  d i l u t e  
s o lu t io n  o f  sodium s u l f id e  ( c o n ta in in g  ab o u t 8 .4  grams o f  
sodium i n  400 e c . )  by a  c u r r e n t  o f  ab o u t th r e e  am peres, 
hydrogen  was ev o lv ed  a t  th e  c a th o d e , and th e  l i q u i d  became 
y e llo w , a t  f i r s t  a round  th e  ca th o d e  and u l t im a te ly  through** 
o u t)  l i g h t  y e llo w  s u l f u r  th e n  ap p eared  on th e  anode , b u t 
s e a le d  o f f  a g a in ,  and i n  g r e a te r  p a r t  d is s o lv e d ;  f in e  w h ite  
s u l f u r  n e x t  s e p a ra te d  n e a r  th e  s u r fa c e  o f  th e  l i q u i d  abou t 
th e  anode , b u t d is s o lv e d  a s  i t  sank  th ro u g h  th e  s o lu t io n  
u n t i l  a  c e r t a i n  s ta g e  o f  th e  e l e c t r o l y s i s ,  when th e  y e l~  
low  c o lo r  o f  th e  l i q u i d  d isa p p e a re d  and th e  w h ite  s u l f u r  
s e t t l e d  i n  th e  b e a k e r ; su b se q u e n tly  more oxygen escaped  
th a n  a t  any o t& er p re v io u s  s t a g e ,  th e  s e p a ra t io n  o f  w h ite  
s u l f u r  i s  c h a r a c t e r i s t i c  o f  th e  o x id a tio n  o f  t h l o s u l f a t e  
w h ile  th e  ap p earan ee  o f  ye llow  s u l f u r  i s  in c id e n t a l  to  th e  
p re se n c e  o f  p o ly a u l f ld e .  These f a c t s  in d ic a t e  t h a t  th e
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c o u rse  o f  th e  o x id a t io n  o f  sodium s u l f id e  by e l e c t r o l y s i s  
i s  s im i la r  t o  t h a t  o f  i t s  o x id a tio n  by a i r ;  th e  s u l f id e  i s  
f i r s t  o x id is e d  to  h y d ro x id e  and t h l o s u l f a t e ,  th e  l a t t e r  
p a s s in g  t o  s u l f a t e  w ith  s e p a r a t io n  o f  s u l f u r ;  t h i s  s u l f u r  
d i s s o lv e s  i n  u n a l te r e d  s u l f id e  t o  form  p o ly s u l f id e s  which 
a r e  o x id is e d  to  t h l o s u l f a t e  w ith  s e p a ra t io n  o f  s u l f u r ,  
t h u s ,  d u r in g  e l e c t r o l y s i s ,  s u l f id e s  d is a p p e a r  f i r s t ,  th e n  
th e  h y d ro x id e  and f i n a l l y  th e  t h l o s u l f a t e ,  th e  s u l f a t e  
b e in g  v i r t u a l l y  th e  end p roduct*  On e le c t r o ly s in g  sodium 
s u l f i d e  w ith  a l t e r n a t i n g  c u r r e n t  th e  p la tin u m  e le c t ro d e s  
d is s o lv e d ,  w h ereas , no such  d i s s o lu t io n  was n o t ic e d  w ith  
d i r e c t  c u r r e n t  e l e c t r o ly s i s *
A* S c h e u re r-K e s tn e r  (150) h o ld s  t h a t  th e  s u l f i d e  I s  
o x id iz e d  d i r e c t  t o  s u l f a t e  w ith o u t th e  in te rm e d ia te  
fo rm a tio n  o f  th lo s u l f a t e *
0* Lunge (151) and co -w orkers have s tu d ie d  th e  o x i­
d a t io n  o f  sodium s u l f id e  i n  a i r*  There a re  two s ta g e s  i n  
th e  p ro cess*  In  d i l u t e  s o lu t io n s  th e  o x id a t io n  even in  
b o i l in g  l i q u o r ,  does n o t  p roceed  beyond th lo s u l f a t e s  
S 9 t |8  4* SO, ”4 H,0 ® $ f t |S |0 |  4* JSNaOH 
As th e  l iq u o r  becomes c o n c e n tra te d  th e  t h l o s u l f a t e  i s  
red u ced  t o  s u l f i d e  and s u l f i t e ,  and no s u l f a t e  i s  form ed! 
3ffa ,8a0 ,  4> SNaOH * 2NaaS -4 4Na»S0* 4> 2H*0 
I f  th e  a l k a l i  s u l f i d e  be fu s e d , a i r  may o x id iz e  th e  
s u l f i d e  to  s u l f i t e  and f i n a l l y  to  s u l f a t e .  I f  a l k a l i  
n i t r a t e  i s  p r e s e n t  th e r e  i s  no r e a c t io n  below 138°;
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above 158°I
H a,S  4  StfaNO, «  SNaNO* 4 Nat SOt  
a t  X 80«l9S°t
Na*S 4  4NaH0» * Nat S0« 4  4NaN0*
Iron, c a ta ly s e s  th e  r e a c t io n  below 158°»
E* E* H aef (158) found t h a t  th e  o x id a t io n  o f  pow­
d e re d  h y d ra te d  sodium s u l f id e  p ro ceed s a t  o rd in a ry  tem pera* 
t o r e  i n  th e  p re se n c e  o f  f i n e ly  d iv id e d  a c t iv e  ch a rc o a l#
H* C. Jo n e s  (158) showed t h a t  a l k a l i  p o ly s u l f id e s  
form  t h l o s u l f a t e  by a tm o sp h e ric  o x id a tio n s  
£Va»S» 4  301 *  JSKa1S *0, 4  68 
P* de C lerm ont and J*  Frommel (154)# P» K ire h e ls e n  
(155)# V* L e g rip  (156)# A* C olson (157) and E» D re ch se l 
(158) o b ta in e d  th e  t h lo s u l f a t e  by b o i l in g  th e  aqueous 
s o lu t io n s
£Ha»S* 4 ZH}0 *  ^ S |8 |0 9 4  3H|S
H. B runner (159) by tre a tm e n t w ith  sodium n i t r a t e ;  W*
S p rin g  (160) by o x id a tio n  w ith  io d in e s
HftfS 4 Sft|S0| 4 Xjf * fiS|8g0g 4 8NaI 
K. W# J u r i s c h  (161)# P . P a u li  (188)# E . C arey (165)# R» 
P ow ell and W* A tk in s  (164)# and £• Donath and F» M ullner 
(165) by o x id a t io n  w ith  m anganese d io x id e s
88a *8 4 8EnO« 4 H*0 » NaaS*Oa 4 2NaOH 4 «UnaOa 
o r  w ith  d lch ro m atess
2Hftg8|  4  48agCra0 f 4  Ha0 * 6Naa6a0a 4 SNsOH 4 4Cra0 a 
T h lo s u l f a te s  a r e  produced by th e  u n io n  o f  s u l f u r  w ith  
s u l f i t e s *  th u s#  by b o i l in g  an aqueous s o lu t io n  o f  a s u l f i t e
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w ith  s u lfu r*
KtgSOt ♦  S •  N & |8|0§
H* B a s s e t t  and R* 6 * D u rra n t (166) showed t h a t  th e  r e a c t io n  
i s  r e v e r s ib l e  b u t th e  t h l o s u l f a t e  I s  v e ry  s t a b le  i n  a lk a -  
l i n e  s o lu t io n  so t h a t  t h l o s u l f a t e  i s  r e a d i ly  form ed by 
b o i l i n g  a l k a l i n e  s u l f i t e  s o lu t io n  w ith  s u lfu r#  N everthe*  
le s s *  even i n  a l k a l i n e  s o lu t io n  th e r e  may be a p e r f e c t ly  
d e f in i t e *  a lth o u g h  v e ry  sm all*  d i s s o c ia t io n  i n t o  s u l f i t e  
and s u lfu r#  I f  a l k a l i n e  t h l o s u l f a t e  s o lu t io n s  c o n ta in in g  
a l k a l i  s u l f i d e  a r e  b o i le d  i n  th e  ab sen ce  o f  a i r*  th e y  
become deep y e llo w  owing to  th e  fo rm a tio n  o f  p o ly s u lf id e *  
th e  e x t r a  s u l f u r  f o r  which i s  o b ta in e d  from  th e  th lo s u l f a te #  
The e q u i l ib r iu m  betw een s u l f id e  and t h l o s u l f a t e  may 
be w r i t t e n t
Ha*S 4  Na*SftO* Nag&g 4 N t |8 0 | 
a l th o u g h  h ig h e r  p o ly s u l f id e s  m ight r e s u l t  a s  w ell*  Such 
a  r e a c t io n  does n o t  n e c e s s a r i ly  in v o lv e  a d i s s o c ia t io n  
o f  t h l o s u l f a t e  i n t o  s u l f u r  and th lo s u l f a te *  T here can 
be l i t t l e  d o u b t t h a t  i t  i s  b ecau se  o f  such an e q u il ib r iu m  
t h a t  a  t r a c e  o f  hydrogen  s u l f id e  g r e a t ly  a c c e le r a te s  th e  
r e a c t io n  betw een sodium s u l f id e  and s u lfu r*
The V ere in  chem ischer F ab rlk en  (167) p re p a red  i t  
by th e  r e a c t io n  o f  s u l f u r  d io x id e  on a m ix tu re  o f  a l k a l i  
h y d ro -c a rb o n a te  and S . G* H alphen (168) produced th io *  
s u l f a t e  by e l e c t r o ly s in g  an a l k a l i  s u l f i t e |  M* G» Levi and 
M# V oghera (169) worked a t  £5° w ith  a c o n c e n tra te d  so lu ­
t io n  o f  sodium s u l f id e  i n  th e  ca th o d e  compartment* and a
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f e e b ly  a l k a l i n e  b u t  c o n c e n tra te d  s o lu t io n  o f  sodium s u l ­
f i t e  i n  th e  anode com partment#
T h lo s u l f a te s  a r e  a l s o  form ed by th e  deeom postion  o f  
an  aqueous s o lu t io n  o f  araido s u l f i t e s #  h y d r o s u lf i te s #  
t r l t h l o n a t e s #  te t r a th io n a te s #  and p e n ta th io n a te s *
A ccord ing  to  J#  L* Gay L ussac (170) aqueous s o lu ­
t i o n s  o f  th e  t h l o s u l f a t e s  rem ain  unchanged when exposed 
to  a i r #  b u t I f  o v e r  two m ols o f  p o ta ss iu m  h y d ro x id e  a r e  
p r e s e n t  per. mol o f  th lo s u l f a te #  o x id a tio n  o c c u rs t 
E»S*0, *► 2K0H ♦ 20* * 2K8S04 ♦ H*0 
The s o lu t io n  I s  more s t a b le  i f  l i g h t  be excluded*
W* P e tz o ld  (171) found t h a t  i n  th e  p re sen ce  o f  a d d s #  
t h l o s u l f a t e s  a r e  f i r s t  po lym erized  to  p e n ta th lo n a te s i  
5 S ,0 a*  ♦  10H+ »  2S ,0«S ♦ 4B* ♦  8H,0 
b u t  t h l o s u l f a t e  may be re g a rd e d  a s  an  end p ro d u c t i n  th e  
deeom postion  o f  aqueous s o lu t io n s  o f  th e  p o ly th io n a te s #  
l* e*  th e  t r l~ #  t e t r a - #  and p e n ta th io n a te s *
A ccording to  J* D avidsobn (172) s o lu t io n s  o f  th io *  
s u l f a t e s  s lo w ly  decompose on s ta n d in g  exposed to  a i r*  The 
a d d i t io n  o f  a l k a l i  su b s ta n c e s  p re v e n ts  th e  deeom postion  
a lm o st com plete ly*  The a c c e le r a t iv e  e f f e c t  o f  d e p o s ite d  
s u l f u r  on th e  deeom postion  i s  p ro b ab ly  due to  b a c t e r i a l  
a c tio n *  The d eco m p o sitio n  may be r e ta rd e d  by th e  a d d i t io n  
o f  0*01 gram o f  m e rc u ric  Io d id e  p e r  l i t e r  o f  s o lu t io n *
F* L* Hahn and H* W lndiseh (175) sa id  t h a t  th e  ad d l*  
t l o n  o f  a  v e ry  sm a ll amount o f  a l k a l i  en a b le s  t h l o s u l f a t e  
s o lu t io n s  to  be p re se rv e d  from th e  f i r s t  day w ith o u t
4£
a l t e r a t i o n *  The change th e y  o th e rw ise  undergo  appear® to  
he due to  th e  f a i n t l y  a c id  c h a r a c te r  o f  d i s t i l l e d  w ater*  
A ccord ing  to  A* S k ra b e l (174) ,  a 0*1 N s o lu t io n  o f  sodium 
t h l o s u l f a t e  hav in g  a  pH betw een 5 and 6 decomposed 1*&8# 
a f t e r  f iv e  m onths w h ile  one w ith  pH o f  9-10 had n o t  changid* 
S o lu t io n s  o f  g r e a t e r  a c id i  ty  th an  t h i s  d id  n o t  a t t a i n  a 
c o n s ta n t  t l t r e  a t  any tim e d u rin g  th e  t e s t s ,  and in  th e  
e a s e  o f  s o lu t io n s  o f  pH 5-6 s u l f u r  s e p a ra te d  d u r in g  th e  
f i r s t  few weeks and was th e n  g ra d u a l ly  d is so lv e d *  Both 
hydrogen  s u l f i d e  and s u l f u r  d io x id e  cou ld  be d e te c te d  i n  
th e s e  s o lu t io n s  so th e y  p ro b ab ly  c o n ta in e d  p o ly th io n ic  
a d d s *
M* and M* L* K i lp a t r i c k  (175) found t h a t  f r e s h ly  
b o i le d ,  r e d i s t i l l e d  w a te r y ie ld s  a s o lu t io n  o f  th lo s u l*  
f a t e  t h a t  i s  more s t a b le  th a n  a  s o lu t io n  made w ith  o r d i ­
n a ry  la b o r a to r y  d i s t i l l e d  w a te r , o r  r e d i s t i l l e d  w ate r th ro u g h  
w hich ca rbon  d io x id e  f r e e  a i r  h as  been bubbled*
H* N* i l i t t r a  and N* H* Dhar (176) found t h a t  In  th e  
s im u lta n eo u s  o x id a t io n  o f  sodium s u l f i t e  (p rim ary  r e a c ­
t io n )  and t h l o s u l f a t e  (seco n d ary  r e a c t i o n ) ,  th e  speed o f  
th e  p rim ary  r e a c t io n  i s  reduced*
A ccording  to  Vf. Gluud (1 7 7 ), a t  100®, i n  c o n ta c t  
w ith  a i r  and u n d er te n  atm ospheres p r e s s u r e ,  sodium th lo ­
s u l f a t e  und erg o es t o t a l  tra n s fo rm a tio n  in to  s u l f a t e ,  
p ro v id ed  t h a t  s u f f i c i e n t  a l k a l i  i s  p re s e n t  to  u n i t e  w ith  
th e  s u l f u r i c  a d d  form ed from th e  su lfu r}  i f  such ex c ess  
o f  a l k a l i  i s  la c k in g ,  p a r t  o f  th e  s u l f u r  s e p a ra te s  i n  a
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f r e e  s t a te #  A lo w er p r e s s u re  may be u sed  b u t In  t h i s  e a se  
we m ust h a re  a  h ig h e r  te m p e ra tu re  o r  in c r e a s e  th e  tim e o f  
th e  experim ent#
C# Mayr (178) found th a t  th e  p ro lo n g ed  p assag e  o f  
a  c u r r e n t  o f  p u re  a i r  o r  o f  pu re  ca rbon  d io x id e  o r  a  mix* 
t u r e  o f  b o th  th ro u g h  t h l o s u l f a t e  s o lu t io n s  p re p a re d  from 
f r e s h l y  b o i le d  w a te r  cau ses  no change i n  th e  t l t r e #  b u t 
ex p o su re  o f  th e  same s o lu t io n  to  o rd in a ry  a i r  soon r e s u l t s  
I n  th e  d e p o s i t io n  o f  s u lfu r#  and f i r s t  a  s l i g h t  in c re a se #  
th e n  a  more r a p id  d e c re a se  i n  th e  t l t r e .  T h is  h as  been 
p roven  to  be due to  th e  In o c u la t io n  o f  th e  s o lu t io n  w ith  
s u l f u r  b a c t e r i a  from th e  a i r ;  i n  th e  p re sen ce  o f  ca rbon  
d io x id e#  th e  b a c te r i a  th r iv e  to  a  l im i te d  e x te n t  and cause  
f i r s t  th e  d eco m p o sitio n  o f  t h lo s u l f a t e  to  s u l f i t e  and sul<* 
f u r  and th e  su b seq u en t o x id a tio n  o f  s u l f i t e  to  s u l f a t e .
C. P . Capaun (179) found t h a t  when w a te r and th i o -  
s u l f a t e  a r e  h e a te d  i n  a s e a le d  tube# s u l f u r  and sodium 
s u l f i t e  a r e  form ed; i f  a i r  be p r e s e n t  s u l f a t e  i s  formed#
E . H. H ie s e n f ie ld  and 7 .  P . E g id iu s  (180) o b se rv ed  
t h a t  n e u t r a l  s o lu t io n s  o f  t h l o s u l f a t e  r e a c t  w ith  osone# 
form ing s u l f a t e  and d ith io n a te #  b u t a lk a l in e  s o lu t io n s  
g iv e  o f f  oxygen so t h a t  two atoms o f  th e  osone a r e  a c tiv e #  
A ccording to  A# N abl (181) th e  r e a c t io n  o f  aqueous 
s o lu t io n s  o f  sodium t h l o s u l f a t e  w ith  hydrogen p e ro x id e  
can  be re p re s e n te d !
2Ka*St 0 t  ♦  H*0* a  Na#S40a 4* SNaOH 
p ro v id ed  th e  a l k a l i  h y d ro x id e  be n e u t r a l iz e d  a s  f a s t  a s  i t
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i s  form ed# o th e rw is e  t e t r a t h i o n a t e  i s  decomposed*
2Na*S*0* ♦  7H*0* * gUaaS04 ♦ H*S*Qd ♦  6Ha0
end th e  d i th l o n l c  a c id  i s  co n v e rted  to  s u l f u r i c  ac id*
H*S*Od ♦  fi^Of *  SH§SO|
R# W i l l s t a t t e r  (18S) o b served  t h a t ,  I f  sodium th lo ~  
s u l f a t e  and hydrogen p e ro x id e  a re  i n  th e  m olar p ro p o r t io n s  
i t 2 ,  a  m ix tu re  o f  s u l f a t e  and t r i t h l o n a t e  i s  formed*
W aaS*Ot  ♦ 4Ha0 a * 2Na8S90* ♦ 2ST&0H 4* 3H#0
and fiaa$»0* 4* SNaOH ♦ 4H,0* « 2Na#S04 4* 5H80 
fie o b se rv ed  no te tr& th lo n & te*
A C a s o la r i  (183) r e p re s e n te d  th e  re a c tio n *
Ne#S#0# ♦ 4H*0* + H ,0 *  ffa #S04 + H*S04 4- 4HC0 
I f  th e  hydeogen p e ro x id e  be q u i te  n e u t r a l ,  no a l k a l i n i t y  
w ith  p h e n o lp h th a le in  ap p ea rs  b u t w ith  m ethy l o range an 
a l k a l i n i t y  co rre sp o n d in g  to*
S S t ,6 |0 |  4  fiaOa *  SNaOH 4* Sa0a 
dev e lo p s*  T here  i s  th e n  a f u r th e r  r e a c t io n  re p re s e n te d  in  
th e  c o ld  p ro b ab ly  by*
4 S ,0 | + 5fi{0 | * Hs 840# 4  4K8S04 
w hich i s  i n  acco rd  w ith  N abl*s (181) r e s u l t  above; and 
i n  h o t  s o lu t io n  by*
46a0a ♦ 5H#0* « E2Sa0 6 + 4H8S04 -f S 
w hich a g re e s  w ith  W i l l s t a t t e r * s  (182) r e s u l t s *
The l e s s  e n e rg e t ic  o x id iz in g  a g e n ts  eo n v e rt t h i o -  
s u l f a t e s  to  t e t r a t h i o n a t e s ,  e .g*  hydrogen p e ro x id e , I o d in e ,  
p o ta ss iu m  lo d & te , cuprous c h lo r id e ,  and a e le n io u s  ac id*
G* Jo rg a n sa n  (184) and M* J .  Fordos and A* G e lis  (185)
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o b se rv e d  t h a t  c h lo r in e  and brom ine o x id iz e  t h i o a u l f a t e s  
to  s u l f a t e s :
NaaSaOa 4* 4C la + 5Ka0 * NaaSG4 ♦ Ha S04 + 3HC1
G. Lunge (186) s a id  t h a t  th e  m ain r e a c t io n  p ro ce e d s : 
£2faaSa0a ♦ C l |  a  2NaCl +■ NaaS40 a 
a l th o u g h  some r e a c t s  i n  acco rd  w ith  21* J ,  Pordos and A* 
G e lis*  e q u a tio n ; and p o s s ib ly  a l s o :
K*ftS»Oa ♦ C l8 ♦ Ha0 * Naa S04 + 2HC1 + 8
C. K ayr and J* P ey fu ss  (187) r e p re s e n te d  th e  reac** 
t l o n  w ith  brom ine In  a lk a l in e  s o lu t io n s
HaaSaOa ♦ 4Bra ♦ 5Ha0 *  Ras S04 ♦ HaS04 ♦ 8HBr 
I n  a l k a l i n e  s o lu t io n  w ith  c h lo r in e  o r  brom ine I t  i s  
p ro b a b le  t h a t  a h y p o c h lo r i te  o r  hypobrom lte i s  formed* 
and a c c o rd in g  to  G. Lunge (186) when th e  t h l o s u l f a t e  I s  
p r e s e n t  In  excess*  th e  l i q u i d  becomes acid*  and some 
hydrogen  s u l f id e  i s  formed presum ably due to  th e  r e a c t io n :  
2HaaSa0 a *  f  £faa3
fo llo w ed  by th e  d ec o ap o s tlo n  o f  th e  s u l f id e  by a d d  end 
some hydrogen s u l f i d e  i s  ev o lv ed ,
7 ,  R asch ig  (186) s a id  t h a t  sodium h y p o c h lo r i te  o x id is e d  
t h l o s u l f a t e  In  a c id ic  s o lu t io n  g iv in g  p a r t l y  s u l f a t e  and 
p a r t l y  th lo rn a te ,
A, 7 ,  F ra n c is  (189) found th e  v e lo c i ty  c o n s ta n t  f o r  
th e  o x id a t io n  o f  sodium th lo s u l f a t e  w ith  brom ine to  bo 15*
7 ,  D le n e r t  and F . W anderbulcke (190) found t h a t  In  
d i l u t e  s o lu t io n s  th e  r e a c t io n  p ro cee d s :
8ffaa8 a0 a ♦  5Cla + 5Ke0 «* Nae804 ♦ 8HC1 * HaS04 + Haa640 4
♦ SNaCl
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o r  m aOCl + 3NaaSa0 a ♦ 5Ha0 * SNaa3Q4 * NaaS40* ♦ SNaCl
♦  5HaQ
I n  th e  p re se n c e  o f  a c id s*  however* o r  even in  th e  p re se n ce  
o f  sodium b ic a rb o n a te *  much l e s s  sodium t h l o s u l f a t e  I s  
re q u ire d *  th e  r e a c t io n  b e in g !
HaaSaOa +4C1* + 5Ha0 * 21laHSO* + 3HC1 
h y d ro c h lo r ic  a c id  r e a c t s  as  fo llo w s!
VaaSaOa * £HC1 *  S0a ♦  B ♦ SSTaCl 4 HaG
w ith  th e  in te rm e d ia te  fo rm a tio n  o f  p o ly th io n a te a *
A ccord ing  to  l>» I*# de K noinek (191) h y p o io d ite s  
o x id is e  t h i o s u l f a t e s  a s  i s  th e  c a se  w ith  h y p o c h lo r i te s !
4SaOX ♦ HaaSaOa ♦ Ha0 *  2NaB£04 + 4NaX 
W# S p rin g  (19S) and M. J*. Fordos and A* G e lie  (198)
found t h a t  c h lo r ic  ac id *  o r  an a c i d i f i e d  s o lu t io n  o f
p o ta ss iu m  c h lo r a te  o x id iz e  t h i o s u l f a t e s  to  t e t r a th io n a te s *
W« F e l t  and £« X ubierschky  (194) s a id  t h a t  an a c id  
s o lu t io n  o f  p o ta ss iu m  brornate o r  brom ic a c id  co m p le te ly  
o x id iz e s  t h i o s u l f a t e s  i n  a c id ic  s o lu t io n  to  s u l f u r i c  a c id  
and w ater*
A* C a s o la r l  (195) re p re s e n te d  th e  r e a c t io n !
KBrOa + 6HaSa0 a 9 HBr ♦ 8HaS404 ♦ 36a0
C. S# Jam ieson  (196) showed!
BtaaSaOa + 2 £ I0 a ♦ 2HC1 » Na*S04 + K*S04 ♦ 2IC1 ♦ Ha0 
When hydrogen s u l f id e  i s  passed  In to  a s o lu t io n  o f  
sodium th lo s u l f a te *  au& fur i s  p r e c ip i ta te d *  slow ly  a t  
o rd in a ry  te m p e ra tu re s  h a t  more q u ic k ly  on warming# W#
P e tz o ld  (197) gave th e  r e a c t io n  a s i
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SB* ♦  S,O s“  ♦  EH,S «• SRbO ♦ 8 
A ccord ing  to  H. B a s s e t t  and R. G. D u rran t (198) th e  
s u l f u r  i s  p roduced  toy th e  deeom postion  o f  t h l o s u l f a t e :
*  HgSOa ♦  6 
E„S ♦  BgSfcOs «  H0«$*0»8*0H ♦ S(OH)a 
S(0H) 2 ♦  H2S ♦ £HS0 ♦  S 
A ccord ing  to  H. Debus (199) when po tassium  t h l o s u l f a t e  
I s  d is s o lv e d  in  an ex c ess  o f  c o n c e n tra te d  s u lfu ro u s  a c id ,  
th e  in t e n s e  y e llo w  s o lu t io n  can  be k e p t w ith o u t a p p a re n t 
ch an g e . I t  can  be shown t h a t  th e  p ro d u c ts  a r e  s u l f i t e  and 
unchanged th lo s u l f a te *
By u s e  o f  a  l e s s  c o n c e n tra te d  s o lu t io n  o f  s u lfu ro u s  
a e ld f we f in d  a  d i f f e r e n t  r e s u l t*  I t  i s  I n f e r r e d  t h a t  suL* 
fu ro u s  a c id  decom poses a p o r t io n  o f  th e  po tassiu m  th lo *  
s u l f a t e  fram in g  s u l f i t e  and t h l o s u l f u r l e  a d d  w hich by 
c o n d e n sa tio n  i s  tran sfo rm e d  in to  p en t a t h i  o n i c a c id .  P a r t  
o f  th e  t h l o s u l f u r l e  a d d  decomposes in to  s u l f u r  and su l~  
fu ro u s  a d d .  P o tass iu m  s u l f i t e  and p e n ta th io n a te  form 
th l o s u l f a t e  and t r l t h i o n a t e #  Hence, p o tassiu m  t r l t h i o n a t e  
i s  th e  c h i e f  p ro d u c ts
BKgSgOg ♦  980a *  KgSgOg 4  4 4 K |8 )0 |
E« H e r t le ln  ( 200) o b ta in e d  a q u a n t i t a t iv e  co n v e rs io n  
o f  t h l o s u l f a t e  i n t o  t r l t h i o n a t e  by th e  a c t io n  o f  c o n c e n tra te d  
s u lfu ro u s  a c id  on a  s ta u r a te d  s o lu t io n  o f  p o tassiu m  th lo *  
s u l f a t e  a t  550°I
KgSgOg 4* 48 08 4* H |0  •  K jS jO j ♦  HgSgOg 
W. S p rin g  (201) found th a t  s u l f u r  m onochloride o r
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41c h lo r id e  r e a c t s  w ith  t h l o s u l f a t e  fo rm ing  t e t r a th io n a te *  
J*  I«. Gay L ussao  (80S) showed t h a t  t h i o s u l f a t e s  a r eW1
o x id is e d  t o  s u l f u r i c  a e ld  by n i t r i c  a e ld  o r  aqua re g ia *
R* W elnland and A* Gutman (803) found t h a t  hypo- 
s u l f i t e s  do n o t  red u ce  sodium th io s u l f a te s *
6 * S u lfo x y l ic  A d d
When e th y l  s u l f id e *  (C*H*)aS* i s  t r e a t e d  w ith  n i t r i c  
ae ld *  i t  I s  o x id is e d  to  e th y l  su lfo x id e *  (C*Hs)iS0 * and to  
e th y l  su lfo n e*  (C8H5) aS0t .
B* Fromm and J*  de S e ix a s  Palma (804) a tte m p te d  to  
p re p a re  th e  s o - c a l le d  s u l f u r  h y d ra te *  o r  hydrogen s u l ­
fo x id e*  S*H*0 * th e  h y p o th e t ic a l  p a re n t  o f  th e  o rg a n ic  
su lfo x id e s *  T h e ir  a t te m p ts  were u n su c c e s s fu l*  Also* H* 
S ta u d in g e r  and W, B re ls  (805) t r i e d  u n s u c c e s s fu l ly  to  
p re p a re  s u l f u r  monoxide* SO*
I .  V ogel and J*  R. P a r t in g to n  (806) o b ta in e d  sodium 
e th y l  s u lfo x y la te *  Ha(C8B*)S0 t*  by th e  a c t io n  o f  sodium 
e th o x id e  on s u l f u r  s e sq u lo x ld e ; and when t h i s  i s  hydro­
ly zed *  by a llo w in g  i t  to  s ta n d  i n  c o n ta c t  w ith  i t s  m o ther- 
l i q u o r  o v e rn ig h t*  sodium s u lfo x y la te *  3faaS0t* i s  formed* 
T h is  s a l t  i s  m o d e ra te ly  s o lu b le  i n  c o ld  and more s o lu b le  
i n  h o t  w a te r  and s p a r in g ly  s o lu b le  i n  a lco h o l*  I t  i s  
p r a c t i c a l l y  uz&attaeked by b o i l in g  c o n c e n tra te d  h y d ro c h lo r ic  
o r  s u l f u r i c  ac id s*  b u t i s  a t ta c k e d  by a  h o t m ix tu re  o f  
fum ing n i t r i c  a c id  and bromine* The f i l t r a t e  from th e  
sodium s u l f o x y la te  h a s  a v e ry  u n p le a s a n t odor* and c o n ta in s
s a l t s  o f  t r l t h l o n i e ,  s u l f o x y l ic  and s u l f u r i c  a c id s ,  and 
a l s o  sm a ll q u a n t i t i e s  o f  p e n ta th lo n !c  and p o s s ib ly  t e t r a -  
t h lo n i c  a c id s .  The p ro d u c t o f  th e  r e a c t io n  betw een s u l f u r  
s e sq u io x ld e  and sodium e th o x id e  h as  a  s t r o n g ly  a lk a l in e  
r e a c t io n ,  and u n d e r  th e s e  c o n d i t io n s  any t e t r a t h i o n a t e  and 
p e n ta th lo n a te  w hich n ig h t  be produced would p ro b ab ly  decom- 
pose  w ith  th e  fo rm a tio n  o f  s u l f i t e s  and t h i o s u l f a t e s ,  b u t 
th e  ab sen ce  o f  th e  l a t t e r  in d ic a te s  t h a t  v e ry  l i t t l e ,  i f  
an y , o f  th e s e  s u b s ta n c e s  a r e  produced In  th e  i n i t i a l  re a c tio n *  
E . B a s s e t t  and R, G. D u rran t (SO?) s a id  t h a t  th e  
r e s i s t a n c e  o f  sodium s u l f o x y la te  to  a t t a c k  by b o i l in g  con­
c e n t r a te d  h y d ro c h lo r ic  o r  s u l f u r i c  a c id  i s  h ig h ly  im p ro b ab le , 
and t h a t  th e  a l le g e d  s u l f o x y la te  i s  more o r  l e s s  im pure 
sodium s u l f a t e ,  w hich i s  p r e c ip i t a t e d  on adding  s u l f u r i c  
a d d  to  a s o lu t io n  o f  a sodium compound in  a b s o lu te  a lco h o l*  
B u lfo x y lie  a c id ,  HgSO*, c o n s id e re d  as th e  p a re n t  
su b s ta n c e  o f  o rg a n ic  s u lf o x y la te s  and s u l f i n a t e s ,  i s  
e n t i r e l y  a h y p o th e t ic a l  compound which has n e v e r  been iso *  
l a t e d .  Any p o s tu l a t e s ,  t h e r e f o r e ,  a s  to  i t s  r e a c t io n s  and 
o c c u rre n c e  a r e  la c k in g  i n  e x p e rim e n ta l p ro o f , and can  be 
a r r iv e d  a t  o n ly  by an a lo g y  and a c o n s id e ra t io n  o f  th e  law s 
o f  k i n e t i c s .
B a s s e t t  and D u rran t c o n s id e r  th e  r e a c t io n !
SS(OH)* ^  H»S ♦ £H8S03 
a s  im probab le  because  i t  would be te r ra o le c u la r ;  and i t  i s  
more l i k e l y  t h a t  d i s s im i l a r  m o lecu les  a re  r e s p e c t iv e ly  
o x id iz e d  and re d u ce d . They su g g es t t h a t  in  a lk a l in e  s o lu t io n ,  
s u l f o x y l ic  a e ld  form s th e  s o - c a l le d  a n h y d ro -a e ld , d i s u l -
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foxy  l i e  a d d ,  HO.8 * 0 .S.OH, o r  p y ro s u lfo x y lic  a c id i  
2S(0H) 8 ^  Hs0 ♦  H 0 .S .0 .S .0H  
S in c e  nany weak a c id s  form p y r o - s a l t s  In  a lk a l in e  s o lu t io n ,  
e .g .  b o r ic  a c id ,  i t  i s  su g g ested  t h a t  th e  s u l f o x y l ic  a c id  
i s  re d u c e d , and th e  d i s u l f o x y l i c  a c id  o x id is e d  to  p y ro s u l-  
fu ro u s  a c id ,  HaBa0 s , th u s :
S(0H)a ♦  H 0.S .0 .S .0H  ^  H*S ♦  H*S*08 
D is u lf o x y l ic  a c id  i s  iso m e ric  w ith  t h l o s u l f u r l e  ae ld *
The b eh a v io r  o f  fo rm a ld e h y d e su lfo x y la te s  w ith  m e ta l 
s a l t s ,  shows t h a t  in  some e a s e s ,  e .g .  w ith  a r s e n ic  t r i ­
c h lo r id e ,  an In c r e a s e  i n  a c i d i t y  f a v o rs  th e  p r e c i p i t a t i o n  
o f  a r s e n ic  s u l f id e  in s te a d  o f  a r s e n ic  when f r e e  a c id  i s  
p r e s e n t .  I n  o th e r  c a s e s ,  e .g .  w ith  sodium p lu m b ite , an 
in c r e a s e  i n  a l k a l i n i t y  fa v o rs  th e  fo rm a tio n  o f  le a d  s u l f i d e ,  
w h ile  le a d  i s  p r e c i p i t a t e d  a s  th e  a l k a l i n i t y  d e c re a s e s .  The 
r e a c t io n s
S (0H ), + HO.S.0 . 8 . OH ^  H,S *  H*S#O0 
would p roceed  from l e f t  to  r i g h t  w ith  a c o n s id e ra b le  in-* 
c re a s e  in  hydrogen io n s ,  f o r  th e r e  can  be l i t t l e  doub t 
t h a t  s u l f o x y l ic  a c id  would be a v e ry  weak a c id  J u s t  a s  
hyp o eh lo ro u s a c id  i s .  A lk a li  sh o u ld , th e r e f o r e ,  fa v o r  th e  
change in to  s u l f id e  and s u l f i t e ,  which a g re e s  w ith  th e  
r e s u l t s  o f  th e  p lu m b ite  e x p e rim en ts . I n  a c id  s o lu t io n  
h ig h  a c i d i t y  m ight be ex p ec ted  to  fa v o r  fo rm a tio n  o f  anhydro* 
s u l f o x y l ic  a c id  a t  th e  expense o f  s u l f o x y l ic  a c id ,  and t h i s  
a l s o  Trould a c c e le r a te  th e  change o f  th e  l a t t e r  I n to  hydro ­
gen s u l f i d e  and p y r o s u l f i t e .  The e f f e c t  o f  h ig h  a c i d i t y
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l a  f a v o r i n g  p r e c i p i t a t i o n  o f  a i 's e n io u a  s u l f i d e ,  r a t h e r  th a n  
f r e e  a r s e n i c ,  w ou ld  th e n  he i n t e l l i g i b l e *  I n c r e a s e  i n  
a c i d i t y  w ould  a l s o  t e n d  to  p ro d u c e  s u l f u r  d io x id e  a t  t h e  
e x p e n s e  o f  e i t h e r  s u l f u r o u s  o r  p y r o s u l f u r o u s  a c i d ,  a n d  
t h i s  a l s o  w ould  h a s t e n  t h e  d eco m p o sitio n  o f  s u l f o x y l i c  
a c id *  T he r e a c t io n *
3 (OH) g ♦ H8S 2S + 2K*0 
o c c u r s  w i th  d e c r e a s e  o f  h y d ro g e n  i o n s ,  and  w i l l  be  
f a v o r e d  by  a c i d i c  c o n d i t io n s *  I t  i s  t h i s  i n t e r a c t i o n  o f  
h y d ro g e n  s u l f i d e  and  s u l f o x y l i c  a c i d  w h ich  l e a d s  to  t h e  
d e c o m p o s i t io n  o f  s u l f o x y l i c  a c id  i n  a c i d  s o l u t i o n  i n  th e  
a b s e n c e  o f  m e ta l s  w h ic h  fo rm  i n s o l u b l e  s u l f i d e s *  S uch  
d e c o m p o s i t io n  c o u ld  be r e p r e s e n te d  by th e  sum m ation  ©ques­
t i o n :
SS(OH), ^  HaSO, + S + H*0 
When s u l f o x y l i c  a c id  i s  l i b e r a t e d  by h y d r o l y s i s  from  
i t s  a s s o c i a t i o n  w i th  fo rm a ld e h y d e , i t  decom poses i n t o  
s u l f u r o u s  a c i d  and  h y d ro g e n  s u l f i d e *  I f  t h e  h y d r o l y s i s  
o c c u r s  i n  t h e  p r e s e n c e  o f  l e a d ,  a r s e n i c ,  a n tim o n y , s t a n n o u s ,  
b is m u th ,  cadm ium , n i c k e l ,  c o b a l t ,  o r  s i n e  s a l t s ,  t h e  sul<* 
f i d e  o f  t h e  m e ta l  i s  p r e c i p i t a t e d *  No a c i d ,  o t h e r  th a n  
t h a t  p r e s e n t  i n  t h e  s o l u t i o n  ow ing t o  h y d r o l y s i s ,  m ust be  
a d d e d  i n  th e  c a s e  o f  z i n c ,  n i c k e l ,  o r  c o b a l t ,  o th e r w is e  
t h e  p r e c i p i t a t e  o f  s u l f i d e  f a i l s  t o  a p p e a r !  v e ry  l i t t l e  
m u s t b e  p r e s e n t  I n  t h e  c a s e  o f  cadmium* W ith  s a l t s  o f  
s i l v e r ,  c o p p e r ,  and  m e rc u ry , r e d u c t io n  t o  m e ta l  o c c u rs *
T h is  may o c c u r  a l s o  w i th  a r s e n i c  and p ro b a b ly  w iti^k n tim o n y
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o r  b ism u th , e s p e c i a l ly  i n  th e  ab sen ce  o f  much a c id ,  w h ile , 
c o n v e rs e ly , a  l i t t l e  s u l f i d e  may be form ed in  th e  e a se  o f  
co p p er and s i l v e r  i n  th e  p re se n c e  o f  much ac id *  P r e c is e ly  
w hat happens i n  sueh  e a se s  depends upon th e  r e l a t i v e  
r a t e s  o f  th e  o x id a t io n  o f  s u l f o x y l ic  a c id  to  s u lfu ro u s  
a c id  o r  o f  i t s  change in t o  hydrogen  s u l f i d e  and s u lfu ro u s  
a c id *  th e s e  r a t e s  a r e  e f f e c te d  by th e  c o n c e n tr a t io n  o f  
r e a c t a n t s ,  a c i d i t y ,  and te m p e ra tu re . I n  th e  ab sen ce  o f  
s a l t s  o f  heavy m e ta l s ,  th e  hydrogen s u l f id e  a c t s  upon 
th e  fo rm aldehyde t o  some e x te n t  to  y ie ld  t r i th io f o r m a ld e -  
h y d e , w hich ap p e a rs  a s  w h ite  c r y s t a l s  o r  o i l y  d ro p s , and 
l a  r e a d i l y  d e te c te d  by i t s  c h a r a c t e r i s t i c  s m e ll .  The norm al 
i n t e r a c t i o n  o f  hydrogen  s u l f id e  and s u lfu ro u s  a c id  le a d s  
to  th e  fo rm a tio n  o f  s u l f u r  and p o ly th io n lc  a c id s .  The 
a c id  h y d ro ly s is  o f  th e  form aldehyde s u l f o x y la te  o cc u rs  
r a p id ly  on h e a t in g ,  t a t  i s  slow  a t  o rd in a ry  te m p e ra tu re s ;  
th e  a c tu a l  r a t e  depends a l s o  upon th e  a c i d i t y .  The a lk a -  
l i n e  h y d ro ly s is  i s  ex trem ely  slow , b u t seems to  fo llo w  
a  c o u rse  s im i la r  to  t h a t  o f  th e  a c id  h y d r o ly s is ,  y ie ld in g  
s u l f i d e  and s u l f i t e .  The a c t io n  o f  fo rm a ld e h y d e su lfo x y la te  
on sodium p lu m b lte  s o lu t io n s  i s  slow  a t  o rd in a ry  tem pera­
t u r e s  b u t more r a p id  on h e a t in g .  A m ix tu re  o f  m e ta l l i c  
le a d  and le a d  s u l f i d e  i s  u s u a l ly  form ed, a h ig h  c o n c e n tra ­
t i o n  o f  s u l f o x y la te  and h ig h  a l k a l i n i t y  being  most fa v o ra b le  
t o  th e  p r e c i p i t a t i o n  o f  le a d  s u l f i d e .  The r e a c t io n  to  m e ta l l ic  
le a d  i s  due to  th e  s u lfo x y la te ,a n d  n o t  to  th e  fo rm aldehyde .
I n  th e  p re se n ce  o f  p lu m b lte , i t  i s  th e  fo rm a tio n  o f  I n s o l -
ttfele le a d  s u l f i d e  w hich a c c e le r a te s  th e  h y d ro ly s is  o f  th e  
fo rm a ld e h y d e su lfo x y la te  * S u lfu r  w i l l  p roduce a  s im i la r  
e f f e c t  by c o n v e r tin g  th e  s u l f i t e *  form ed on h y d ro ly s is  o f  
s u lfo x y la te *  I n to  th lo s u l f a te *  Thus* i t  was found th a t*  
a f t e r  an a l k a l in e  s o lu t io n  o f  fo rm a ld e h y d e su lfo x y la t e 
had  been  b o i le d  w ith  s u l f u r  and th e  p o ly s u l f id e  (much o f  
w hich was* o f  cou rse*  due to  a lk a l in e  h y d ro ly s is  o f  th e  
s u l f u r )  removed w ith  le a d  a c e ta te *  th e  s o lu t io n  was no 
lo n g e r  c a p a b le  o f  b le a c h in g  m ethy lene  b lue*  A s im i la r  
a l k a l i n e  s u l f o x y la te  s o lu t io n *  a f t e r  b e in g  b o ile d  f o r  th e  
same le n g th  o f  tim e  w ith o u t s u lfu r*  gave no p r e c i p i t a t e  
w ith  le a d  a c e ta te  and s t i l l  had a  s tro n g  b le a c h in g  a c t io n  
on m eth y len e  b lue*  On b o i l in g  an a l k a l i n e  s o lu t io n  o f  
sodium h y d r o s u l f i t e  to  w hich sodium p lu m b lte  h as  been  added* 
a  g r e y is h  b la e k  p r e c i p i t a t e  o f  le a d  s u l f i d e  and m e ta l l i c  
le a d  i s  o b ta in ed *  The r e a c t io n  o cc u rs  a t  o rd in a ry  tem pera* 
tu r e s  b u t ouch more slow ly* I f  th e  a lk a l in e  h y d r o s u l f l t e  
s o lu t io n  i s  b o ile d  and th e n  co o led  to  room te m p e ra tu re  
b e fo re  th e  sodium p lu m b lte  i s  added* an im m ediate b la ek  
p r e c i p i t a t e  ap p e a rs  which c o n s i s t s  o f  p u re  le a d  s u lf id e *  
i f  o n ly  sm a ll q u a n t i t i e s  o f  h y d r o s u l f l t e  and p lu m b lte  a r e  
u sed  i n  th e  experim ent*  B a s s e t t  and D u rran t co u ld  f in d  no 
p o s i t iv e  ev id en ce  i n  su p p o rt o f  th e  assum ption  t h a t  su l~  
fo x y  l i e  a e ld  decom poses!
28 (OH) a * Ha8 + H*S04 and
28(0H )S « HaSsO* ♦ H«0
54
They added t h a t  I f  s u l f o x y l ic  a e ld  eo u ld  undergo  e i t h e r  
o f  th e s e  changes* a l k a l i e s  sh o u ld  prom ote th e  changes* 
s in c e  b o th  would co rre sp o n d  to  a c o n s id e ra b le  in c r e a s e  
i n  hydrogen  io n .  No s u l f a t e  i s  produced when sodium fo rm a l-  
d e h y d e s u lfo x y la te  i s  b o i le d  w ith  a  s o lu t io n  o f  sodium 
p lu m b lte ; n o r  i s  any produced when sodium fo rm a ld eh y d esu l­
f o x y la te  i s  h y d ro ly se d  i n  a d d  s o lu t io n  e i t h e r  a lo n e  
o r  i n  th e  p re se n c e  o f  le a d  o r  a r s e n io u s  s a l t s *  I f  th e  
a r s e n lo u s  s u l f i d e  form ed had r e s u l t e d  from th e  decompo­
s i t i o n  o f  th e  th lo s u l f a te *  la r g e  amounts o f  s u l f a t e  would 
h ave  been produced* No change was observed  when an  a l k a l i n e  
s o lu t io n  o f  sodium fo rm a ld e h y d e su lfo x y la te  was h e a te d  
f o r  a l lo n g  tim e*
Z f a  c o n c e n tra te d  s o lu t io n  o f  h y p o s u l f l te  i s  added to  
a  c o n c e n tra te d  s o lu t io n  o f  h y d ro c h lo r ic  a d d *  s u l f u r  sep a­
r a t e s  a t  o n ce ; b u t w ith  a c o n c e n tra te d  s o lu t io n  o f  t h lo ­
s u l f a te *  s u l f u r  does n o t  s e p a ra te  f o r  a lo n g  tim e* I f  th e  
s u l f o x y l ic  a d d  form ed on h y d ro ly s is  o f  th e  h y p o s u lf l te  
Changed r a p id ly  I n to  th lo s u l f a te *  no s e p a ra t io n  o f  s u l f u r  
i s  l i k e l y  to  have occurred*  The observ ed  s e p a ra t io n  o f  
s u l f u r  i s  n o t  due to  th e  p re se n c e  o f  s u l f i t e *  f o r  
s o lu t io n  o f  an e q u a l m olar m ix tu re  o f  sodium p y r o s u l f i t e  
and t h l o s u l f a t e  d id  n o t  y ie ld  any s u l f u r  when added to  
c o n c e n tra te d  h y d ro c h lo r ic  a d d *  ex cep t a f t e r  lo n g  s tan d in g *
7* H yposu lfu rous A d d  
I n  1718* 6 * £* S ta h l  (208) o b serv ed  t h a t  I r o n  d ls *
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s o lv e s  I n  s u lfu ro u s  s o ld  form ing  a r e d d is h  y e llo w  l i q u i d ;  
and C* L* B e r t h e l l e t  (809) o b serv ed  t h a t  no gas i s  g iven  
o f f  l a  th e  r e a c t i o n .  A* F* de F ouro roy  and 1* N* V auquelln  
(210)  showed t h a t  a  s im i la r  r e a c t io n  o c c u rre d  w ith  t i n  and 
s in e *
C* F* S chobein  (811) and o th e r s  n o t ic e d  t h a t  th e  
e l e c t r o l y s i s  o f  s u lfu ro u s  a c id  y ie ld e d  a  l i q u i d  s im i la r  
t o  th e  one d is c u s s e d  i n  th e  p ro ceed in g  p a rag rap h  and t h a t  
th e y  w ere f u r t h e r  s im i la r  i n  t h a t  b o th  a re  s tro n g  red u c in g  
a g e n ts  and c o n ta in  an  a d d  w ith  l e s s  oxygen th a n  t h a t  
c o n ta in e d  i n  s u lfu ro u s  o r  r a t h e r  t h l o s u l f u r l e  ae ld*
E* M its e h e r l ie h  (818) th o u g h t t h a t  th e  a e ld  th u s  
form ed was t h l o s u l f u r l e  a c id  w h ile  H« R is le r -B e u n a t (813) 
s a id  t h a t  p e n ta th io n le  a e ld  was formed*
K* J*  Fordos and A* G e lis  (8 1 4 ) , C. G e ltn e r  (2 1 5 ), 
and  A* H arp f (216) re p o r te d  s u l f u r i c ,  t h l o s u l f u r l e ,  t r l ~  
t h i o n i c ,  and p e n ta th io n le  a d d s ,  a s  w e ll  a s  hydrogen su l~  
f i d e  a s  p ro d u c ts*
P . S c h u tse n b e rg e r  (217) re c o g n ise d  th e  a d d  as  a new 
a e ld  and c a l l e d  i t  l* a e ld e  h y d ro s u lfu re u s , t h a t  i s  hydro* 
s u lfu ro u s  ae ld *  He a l s o  p re p a re d  a  number o f  s a l t s  o f  th e  
ae ld *
H* E* Hoseoe and C* Schorlemm er (818) and R« von 
Wagner (219) p r e f e r r e d  th e  name h y p o su lfu ro u s  a c id  and 
th e y  c a l l e d  th e  s a l t s  h y p o s u lf i te s *
F u r th e r  work e s ta b l i s h e d  th e  fo rm ula  o f  h y p o su lfu ro u s  
a e ld  a s  Ha8a0 4 *
As I n d ie s t e d  above , h y p o su lfu ro u s  a c id  i s  p rep a re d
by d is s o lv in g  i r o n  o r  s in e  i n  s u lfu ro u s  s o ld  c o n ta in e d
i n  a c lo s e d  v e s s e l*  A ccord ing  to  P* S eh u tse n b e rg e r  (21?)
th e  r e a c t io n  nay  be re p re s e n te d  by th e  fo llo w in g  equ& tloni
2H .S0 . 4  £Ha •  (H*SOa) t  V 8Hg0
V* S p rin g  (220) showed th a t  th e  a e ld  I s  form ed a lo n g
w ith  t e t r a t h i o n i c  a c id  when hydrogen  s u l f id e  i s  p assed
i n t o  s u lfu ro u s  a d d )  L* Maquenne ( 221) when s u lfu ro u s
♦
a d d  i s  red u ced  by hypophosphorus a c id )  S» K ap ff (222) 
by fo rm ic  a d d  o r  sodium fo rm a te )  and A* G uerout (223) by 
th e  e l e c t r o l y s i s  o f  s u lfu ro u s  a d d *  S u l f u r ic  a d d  i s  
formed, a t  th e  anode and h y p o su lfu ro u s  a d d  i s  formed a t  
th e  ca th o d e  w ith  a  low c u r r e n t  d e n s i ty  and s u l f u ^ d t h  a 
h ig h  c u r r e n t  d e n s ity *  C* Luckow (224) a l s o  n o te d  th e  
fo rm a tio n  o f  s u l f u r  and hydrogen  s u lf id e *
The aqueous s o lu t io n  o f  th e  f r e e  a e ld  i s  s t a b le  f o r  
o n ly  a  s h o r t  tim e* P . S eh u tse n b e rg e r  (225) o b ta in e d  i t  
by decom posing th e  sodium s a l t  w ith  d i l u t e  s u l f u r i c  o r  
o x a l ic  a d d )  and R* R a g le r t  and F* B ecker (226) by t r e a t *  
in g  a  s o lu t io n  o f  th e  ca lc iu m  s a l t  w ith  s u l f u r i c ,  o x a l i c ,  
o r  p h o sp h o ric  a d d *
P . S e h u tse n b e rg e r  (225) made th e  sodium s a l t  by th e  
a c t io n  o f  s in e  on a s o lu t io n  o f  sodium h y d r o s u l f l t e  in  a  
w e ll  co o led  v e s s e l i
GNaHBO, V 2Za * 2ZnS0, 4  2H*0 4 2Na,S0* 4  (NaHSO*),
A* B e m th se a  (227) m easured th e  r a t e  o f  co n v e rs io n  
o f  th e  s u l f u r  o f  h y d ro s u lf a te  i n t o  hypo s u l f i t e  w ith  so lu *
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t i o n s  c o n ta in in g  d i f f e r e n t  p ro p o r t io n s  o f  s a l t  i n  s o lu t io n .
J*  V o lhard  (228) o b ta in e d  th e  h y p o s u l f l te  a s  an 
in te rm e d ia te  s ta g e  i n  th e  a c t io n  o f  s u l f u r  d io x id e  on an 
a l k a l i  s u l f id e *
A ccord ing  to  B* H* Bicker (229)* sodium h y p o s u l f l te  
i s  o x id is e d  to  s u l f a t e  e l e e t r o l y t i e a l l y  a t  th e  anode; 
and K* E lb s  and K* B eeker (230) s a id  t h a t  a t  th e  oathode 
th e  h y p o s u l f l te  i s  red u eed  t o  th lo s u lf& te t  
K ft|8 |04 ♦ 2H *  H»0 4* H a |3 |0 |
K* J e l l i n e k  (231) showed t h a t  sodium h y p o s u lf l te *  
i n  s o lu t io n s  c o n ta in in g  hydoogen s u l f i t e *  decomposes 
sp o n ta n e o u s ly  i n t o  t h l o s u l f a t e  and h y p o s u lf l te *  and th e n  
h y d r o s u l f l t e t
2Na*Sa0« * NajSgOj ♦ Ha*S*0*
NaaSt 0g ♦ HgO *  SNaHSOg 
I n  e o n e e n tra te d  s o lu t io n s  th e  r a t e  o f  d eco m p o sitio n  i s  
p r a c t i c a l l y  u n a f f e c te d  by th e  p re se n ce  o f  p la tin u m  o r  
le ad *  w h ile  i n  d i l u t e  s o lu t io n s  th e  g r e a te r  p a r t  o f  th e  
change ta k e s  p la c e  a t  th e  s u r fa c e  o f  th e  p l a t i n i s e d  p l a t i ­
num p la te *  He showed t h a t  th e  s t a t io n a r y  c o n d itio n *  In  
w hich th e  c o n c e n tr a t io n  o f  h y p o s u lf l te  does n o t  In c re a se *  
i s  reac h ed  when th e  r a t e  o f  fo rm a tio n  o f  h y p o s u l f l te  by 
th e  c u r r e n t  I s  e q u a l to  i t s  r a t e  o f  spon taneous decompo­
s i t io n *  from  w hich i t  fo llo w s  t h a t  th e  h y p o s u l f l te  i s  n o t  
red u eed  e l e e t r o l y t i e a l l y *  and t h a t  i n  o rd e r  to  o b ta in  a 
h ig h  c o n c e n tr a t io n  i n  s o lu t io n  i t  i s  o n ly  n e c e s s a ry  to  
in c r e a s e  th e  r a t e  o f  fo rm a tio n  by ap p ly in g  a l a r g e  c u r r e n t
t o  a  sm a ll volume o f  s o lu t io n *
h y p o su lfu ro u s  a d d  I s  known o n ly  in  d i l u t e  aqueous 
s o lu t io n *  P* S e h u tse n b e rg e r  (832) and A* B in s (833) 
found  t h a t  an  aqueous s o lu t io n  o f  th e  h y p o s u l f l te s  decom­
p o se  when warmed form ing  o n ly  h y d r o s u l f i t e s j  b u t J« Meyer 
(834) r e p re s e n te d  th e  r e a c t io n s
S H agS gd^ 4  HgO *  K itS g O f  4  SNaHSOg 
The speed  o f  th e  d eco m p o sitio n  i s  slow  a t  th e  s t a r t  
th e n  r i s e s  t o  a maximum and a g a in  slow s down* P a r t  o f  th e  
p ro d u c ts  o f  th e  d eco m p o sitio n  r e a c t  w ith  th e  undeeomposed 
s a l t  and c o n se q u e n tly  th e  v e l o c i t y  o f  d eco m p o sitio n  i s  
p r o p o r t io n a l  b o th  to  th e  e x te n t  o f  th e  d eco m p o sitio n  and 
to  th e  q u a n t i ty  o f  s a l t  l e f t  undeeomposed* &• J e l l i n e k  
(235) found £  a t  20° to  be 0 •00057*
K* J e l l i n e k  (256) s tu d ie d  th e  d eco m p o sitio n  o f  sodium 
h y p o s u l f l te  i n  s o lu t io n s  o f  sodium s u l f i t e  o r  h y d r o s u l f l t e  
and found t h a t  i t  can  be re p re s e n te d  a s  a u n lm o le c u la r  
re a c t io n *
C* C* Ja b le sy n sk y  and Z* W arszaw ska-B ytel (257) 
found  t h a t  th e  r a t e  o f  d eco m p o sitio n  i s  a c c e le r a te d  by th e  
a d d i t io n  o f  sodium c h lo r id e *  and d im in ish ed  by th e  a d d i t io n  
by th e  a d d i t io n  o f  a  c o l lo id  l i k e  gum a ra b le *  D ilu t io n  
r e t a r d s  decom position*  The speed o f  th e  r e a c t io n  c o r re s *  
ponds to  two r e a c t io n s  o f  th e  f i r s t  o rder*  0* F* Schonbeln  
(233)* P . S eh u tse n b e rg e r  (232)* and A* R* F rank  (259) 
showed t h a t  th e  d eco m p o sitio n  i s  r e ta rd e d  In  th e  p re sen ce  
o f  a lk a l i e s *
A c id ic  s o lu t io n s  decompose v e ry  q u ic k ly , f o r  when 
a  s o lu t io n  o f  th e  sodium s a l t  i s  a c i d i f i e d ,  I t  becomes 
y e llo w  o r  o ran g e  and much s u l f u r  I s  se p a ra te d *
When h y p o su lfu ro u s  a d d  i s  l i b e r a t e d  from  i t s  s a l t s ,  
i t  i s  r e a d i ly  h y d ro ly se d  to  s u l f o x y l ic  and s u lfu ro u s  
a d d s *  H* B a s s e t t  and R* G* D u rran t (840) sum m arise th e  
r e a c t io n s
HO• S .0 . SO.OH ^  (HO ),S.SO , by
B0*8*0*S0*0H 4  H ,0 *  S (0H ), 4 H ,S 0 , H ,0 4 3 0 ,)
and 8 (OH), 4 SO, ^  (HO),S.SO,
th u s  two is o m e r ic  form s o f  H ,S ,04 a re  assumed* The
d i r e c t  u n io n  o f  two s u l f u r  atom s i n  (HO) ,8 * 8 0 , in d ic a t e s  
t h a t  th e  compound can p ro b ab ly  be r e a d i ly  reduced  to  
t h l o s u l f a t e ;  and t h i s  i s  i n  agreem ent w ith  K* and R» 
J e l l i n e k 9 s  (841) o b s e rv a tio n  t h a t  h y p o su lfu ro u s  and 
t h l o s u l f u r l e  a d d s  a r e  s u c c e s s iv e  s ta g e s  I n  th e  elee«* 
t r o l y t i e  r e d u c t io n  o f  s u lfu ro u s  ae ld*  The o x id a t io n  o f  
H0#8*0»S0«0B by (HQ),*S*S0, i s  ta k en  to  e x p la in  th e  change 
o f  th e  h y p o s u l f l te  in to  t h l o s u l f a t e  and p y r o s u l f i te s  
HO*S*O.SO.OH 4 (HO),S.SO, B ,S ,0 ,  4  3 , 8 , 0 ,
The r e a c t io n  was found to  be b lm o leeu la r*
I n  th e  p re se n c e  o f  a d d s ,  th e r e  i s  superposed  on 
th e s e  changes th e  r e a c t io n s t
H,8 4 S (0 H ), ^  88 4 8H,0
S (0H ), 4 H0*8*0*8*0H ^  5 ,8  4  5 , 8 , 0 ,
T here i s  a l s o  th e  p o s s ib le  fo rm a tio n  o f  p o ly th lo n a te s  
by th e  i n t e r a c t i o n  o f  hydrogen s u l f id e  and s u lfu ro u s
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a d d *  o r  by th e  d eco m p o sitio n  o f  th lo s u l f a te *
The dom inant q u a l i t y  o f  h y p o su lfu ro u s  a o ld f o r  
r a t h e r  o f  th e  h y p o s u l f l te  a* I s  a s tro n g  red u c in g  a c tio n *
The h y p o s u l f l t e s  a r e  r e a d i ly  o x id ized *  A* and L* Lum iere 
and A* Seyew etz (846) found t h a t  when a  th in  la y e r  o f  
powdered anhydrous sodium h y p o s u l f l te  i s  exposed to  th e  
a e t lo n  o f  m o is t a i r .  I t  i s  co m p le te ly  decomposed In  seven 
days* b u t  i s  p r a c t i c a l l y  s t a b le  In  a  c lo s e d  v e s s e l  o r  i n  
d ry  a i r *  th e  slow  changes observed* te n  and fo u r  p e rc e n t  
lo s s  o f  sodium h y p o s u lf l te *  re s p e c t iv e ly *  i n  two m onths 
b e in g  due to  th e  a d d i t io n  o f  m o is tu re  I n  rem oving th e  d a l ly  
sam p les . S o lu tio n s  o f  sodium h y p o s u lf l te  I n  b o ile d  d i s -  
t i l l e d  w a te r  i n  e lo s e d  v e s s e l s  decompose a t  r a t e s  v a ry in g  
w ith  th e  c o n c e n tr a t io n )  85* 10* and 3 p e rc e n t s o lu t io n s  
a r e  decomposed i n  3* 11* and 37 days* r e s p e c t iv e ly *  The 
r a t e  o f  change i s  a c c e le r a te d  by a r i s e  o f  te m p e ra tu re  o r  
by an  ex p o su re  o f  th e  s o lu t io n  to  th e  a i r )  I n  th e  l a t t e r  
ease*  th e  r e l a t i v e  s t a b i l i t i e s  a r e  rev e rse d *  a 3 p e rc e n t 
s o lu t io n  decom posing I n  one* a 80 p e rc e n t  s o lu t io n  i n  two 
days* The d eco m p o sitio n  ta k e s  p la c e  a s  fo llo w s)
0 a |8 g O | *  8 f tg 8 |0 g  4 Ntg8g0g
Ia*S*04 4  0 "  Na*80* 4 SO*
sodium h y p o s u l f l te  b e in g  formed I n  aqueous s o lu t io n *  The 
C h ie f p ro d u c t o f  th e  r e a c t io n  I s  th e  s u l f i t e *
When shaken w ith  a i r  o r  oxygen* P* S eh u tsen b e rg e r
(843) and co -w orkers found th a t  s o lu t io n s  o f  th e  hypo­
s u l f l t e  become y e llo w  o r  orange* and f i n a l l y  c o lo r le s s *
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The y e llo w  c o lo r a t io n  I s  due to  th e  l i b e r a t i o n  o f  f r e e  
a c id *  Twice a s  much oxygen i s  ab so rb ed  a s  i s  needed to  
c o n v e r t th e  h y p o s u l f l te  I n to  h y d r o s u l f l t e ,  b u t J*  Meyer
(844) found t h a t  th e  q u a n t i ty  abso rbed  i s  n o t  q u i te  tw ice  
t h a t  needed  to  f o r a  th e  s u l f i t e )  and he s a id  t h a t  th e  
e x c e ss  o f  oxygen i s  u sed  i n  c a r ry in g  th e  o x id a tio n  p a s t  
th e  s u l f i t e  s tag e*
H,S*04 4  0 |  4  H*0 * Ha SO* 4  H,SO| 
and to  a  sm a ll e x te n t
SBaSaO* 4  0 t  4 8Hg0 * 4H .S0,
H lld  o x id is in g  a g e n ts ,  e .g*  s i l v e r  s a l t s ,  n o rm a lly  
o x id is e  h y p o s u l f l te  to  s u l f i t e ,  b u t w ith  m o le cu la r  oxygen, 
J*  Meyer (844) s a id  t h a t  d u r in g  th e  o x id a tio n  o f  th e  hypo* 
s u l f i t e s ,  s u l f i t e  and s u l f a t e ,  a s  w e ll  a s  t h l o s u l f a t e ,  
and d l th i o n a te  may be form ed) and th e  s u l f a t e  and s u l f i t e  
would be i n  e q u a l m olar p ro p o r tio n s  were i t  n o t  f o r  d ie *  
tu rb a n e e s  produced by th e  h y d ro ly s is  o f  th e  h y p o s u lf l te  
by th e  a d d  formed d u r in g  th e  o x id a tio n *  H. B a s s e t t  and 
R* G* D u rra n t (845) added t h a t  w ith  s o lu t io n s  c o n ta in in g  
s u f f l d e n t  sodium c a rb o n a te  to  n e u t r a l i s e  th e  a d d  form ed, 
th e  a tm o sp h eric  o x id a t io n  o f  h y p o s u lf l te  p ro ceed s sm oothly 
a s  a  un lm olecu l& r r e a c t io n *
3m Meyer (844) found t h a t  hydrogen d io x id e  o x id is e s  
h y p o s u l f i te s  i n  a c id ic  o r  a lk a l in e  s o lu t io n s ,  form ing s u l ­
f a t e s ,  and a  sm a ll p ro p o r tio n  o f  d l th lo n a te s *
The h y p o s u lf i te s  were found by A* B ern thsen  (846) to  
be o x id iz e d  by io d in e  to  s u l f a te s *
B ro th e r to n  and Company (£47) r e p re s e n te d  th e  r e a c t io n  
w ith  sodium h y p o s u l f l te  and p o ta ss iu m  lo d a ta i
3HaaSa04 4  4 0 0 *  4  8KX «  5I a 4  3BaaS04 4  SKaS04 
V* S p rin g  (£48) found s u l f u r  to  be w ith o u t a c t io n  
on sodium h y p o s u l f l t e ;  and L . T sch u g a e ff  and W. C h lop in  
(£49) o b se rv ed  t h a t  a  warm s o lu t io n  o f  sodium h y d ro x id e  
and h y p o s u l f l te  a t t a c k s  s u l f u r  to  a v e ry  s l i g h t  e x te n t*
A* B in s  (£50) showed th a t  w h ile  th e  h y p o s u l f l te  h as  
no a c t io n  on sodium s u l f i d e ,  i t  r e a c t s  r ig o r o u s ly  w ith  
sodium p o ly s u l f ld e s i  
HaaSa04 4  H atS^ 4  Ha0 « NaS*SO*OH 4  »aS*SOa *OH 4  Na*Sa ^g 
b u t  th e s e  p ro d u c ts  im m ed ia te ly  decompose g iv in g  o f f  hydro­
gen s u l f i d e ;  w ith  sodium p o ly s u l f id e  and h y d ro x id e ;
HaaSa04 4  HaaSa 4  dlfsOH * £EfaaSOa 4  £SaaS 4  £Ha0 
S£aaSa04 4  £BaaSa 4 SHaOH *  ££aaS 4 3HaaSa0 a 4  Ha0 
and w ith  an  e x cess  o f  p o ly s u l f ld e ;
I a aSa04 4  N a , ^  4  4HaOH * 2Vaa6a0 a 4 Ha*6 4  Nat Sn„g
4 2H*0
A* B in s and W« Sondag (851) found t h a t  th e  r e a o t lo n  
i n  a lk a l in e  s o lu t io n  can be re p re s e n te d ;
HaaSa04 4  NaaSaOa 4  4NaOH * 5ffaa80a 4  Naa8 4  8Ha0 
W, S p rin g  (848) showed t h a t  i f  hydrogen s u l f id e  be 
p a sse d  in to  a  f e e b ly  a c id i f i e d  s o lu t io n  o f  po tassium  
h y p o s u l f l t e ,  th e  l i q u i d  becomes h o t ,  s u l f u r  i s  p r e c i p i t a t e d  
and th e  l i q u i d  no lo n g e r  d e c o lo r is e s  in d ig o ;  i f  th e  s o lu ­
t i o n  be n e u t r a l i s e d  w ith  po tassium  c a rb o n a te , th e  s u l f u r  
i s  d e p o s i te d ,  and p o tassiu m  t h l o s u l f a t e ,  p r e e lp l t a b l e  w ith  
a lc o h o l ,  i s  formed*
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The P o ly th io n ie  A eids
The p o ly th io n ie  a c id s  have th e  g e n e ra l  fo rm ula  
H t% 0* w here a  ra n g e s  from  6 to  6 *
D ith lo n le  A eld  H*S,Of
T r i th lo n le  A eld Ht SaO*
f e t r a t h l o n i e  A eld H*840 #
P e n ta th io n le  A eld  HaSs0*
They a r e  formed when s u l f u r  d io x id e ,  w a te r , and 
s u l f u r  l a  s t a t u  hassend j. r e a c t  w ith  one a n o th e r  u n d er 
d i f f e r e n t  c o n d itio n s*
J*  D a lto n  (252) ob se rv ed  t h a t  s u l f u r  d io x id e  and 
hydrogen  s u l f id e  r e a e t  I n  aqueous s o lu t io n  p roducing  an 
ae ld *  T. Thomson (253) c o n s id e re d  t h i s  a e ld  a s  a  s u l f o -  
s u lfu ro u s  a d d * H* W* 7 * W aekenroder (254) su sp e c te d  th e  
p re se n c e  o f  p e n ta th io n le  a e ld  i n  th e  p ro d u c ts  o f  th e  
r e a c t io n ,  and th e  s o lu t io n  was a f te rw a rd s  c a l le d  Weekend 
ro d e r 's  l iq u id *
A* S o b rero  and 7* 851ml (2 5 6 ) , and T* C u r tiu s  and 
7* H enkel (257) o b serv ed  t h a t  b e s id e s  p e n ta th io n le  a d d  
th e r e  o cc u rs  I n  th e  s o lu t io n  t e t r a t h i o n l c ,  t h l o s u l f u r l e ,  
and s u l f u r i c  a e ld s ,  b u t M* J* Pordos and A* G e lls  (253) 
s a id  t h a t  th e s e  l a t t e r  p ro d u c ts  w ere decom position  p ro d u c ts  
o f  th e  i n i t i a l  p e n ta th io n le  a d d *
3* Debus (259) a f t e r  a  tho rough  s tu d y  o f  W aekenroder9 s 
s o lu t io n  gave th e  fo llo w in g  a s  b e in g  In  th e  s o lu t io n !
(1 ) Sm all d ro p s  o f  s u l f u r  In  su sp en sio n
(2 ) S u lfu r  i n  th e  c o l lo id a l  s t a t e
(5 )  S u l f u r i c  a e ld
(4 ) T ra ce s  c f  t r i t h i o n i e  a c id
(5 ) T e t r a th lo n le  a e ld
( 6 ) P e n ta th io n le  a e ld
(? )  H e x a th io n ie  a e ld  (? )
Debus shoved t h a t  hydrogen  s u l f id e  and s u l f u r  d io x id e  
i n  w a te r  r e a e t  w ith  th e  s e p a ra t io n  o f  s u lfu r*  P e n ta th io n le  
a e ld  i s  n o t  th e  d l r e e t  p ro d u c t o f  th e  r e a c t io n  because  
th e  g r e a t e r  p a r t  o f  th e  p o ly th io n ie  a e ld  ap p ea rs  o n ly  
a f t e r  th e  s o lu t io n  h a s  been a llow ed  to  s ta n d  f o r  fo u r  o r 
f i v e  h o u r s .  The q u a n t i ty  o f  t e t r a t h l o n l e  a c id  form ed I s  
in d e p en d en t o f  th e  tim e o f  p r e p a r a t io n ,  and I t  i s ,  th e re *  
f o r e ,  i n f e r r e d  t h a t  t e t r a t h l o n l e  a c id  i s  th e  p rim ary  
p ro d u c t o f  th e  r e a c t io n s
SSO, *1* E,8  *  H3S4O4 
S in e e  b o th  s u l f u r  d io x id e  and hydrogen s u l f id e  a c t  on 
t e t r a t h l o n l e  a e ld  th e  f i n a l  m ix tu re  i s  r a th e r  com plex a s  
shown above .
As lo n g  a s  th e  s u l f u r  d io x id e  i s  i n  ex eess  a s  i s  th e  
e a s e  i n  th e  b eg in n in g  o f  th e  r e a c t io n  (hydrogen s u l f id e  
p a ssed  i n to  s u lfu ro u s  a c id ) ,  m ost o f  th e  hydrogen  s u l f id e  
r e a c t s  w ith  th e  s u lfu ro u s  a e ld ,  form ing t e t r a t h l o n i e  a c id  
and we o n ly  have to  c o n s id e r  th e  secondary  r e a c t io n  o f  
th e  s u lfu ro u s  a e ld  on th e  t e t r a t h l o n l e  ae ld*  T h is  reae*  
t l o n  h a s  been found to  y ie ld  t r i t h i o n i e  and th lo s u l f u r l e  
a d d s  i n  a  r e v e r s ib l e  eq u a tio n *  The th lo s u l f u r l e  a d d  
can  th e n  r e a e t  w ith  th e  t e t r a t h io n a t e  to  g iv e  p e n ta th io n le
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a d d ,  so  t h a t  th e  s o lu t io n  now c o n ta in s  s u l f u r o u s ,  t h l o -  
s u l f u r o u s ,  t r l - ,  t e t r a * ,  and p e n ta th io n le  a c id s*
How, i f  hydrogen  s u l f id e  be p assed  i n  i n  e x c e s s , 
t h e  hydrogen  s u l f i d e  a t t a c k s  th e  t e t r a t h l o n l e  a c id  form ing 
w a te r  and s u lfu r*  T h is  s u l f u r  s t a t u  n a s c e n d l c o n v e r ts  
t r i t h i o n i e  i n t o  t e t r a t h l o n l e  a e ld f  t e t r a t h l o n l e  i n t o  p en ta*  
th io n le  a c id ;  and p e n ta th io n le  I n to  h e x a th io n ie  a d d .
The moment a l l  o f  th e  s u lfu ro u s  a d d  d is a p p e a rs  th e  t r i -  
th lo n i e  a e ld  i s  co n v e rted  I n to  t e t r a t h l o n l e  a d d *  Hope 
o f  th e  s u l f u r  p roduced  rem ains i n  s o lu t io n  a s  c o l lo id a l  
s u l f u r  and p a r t  s e p a r a te s  a s  a  su spension*  I f  hydrogen 
s u l f i d e  i s  p a sse d  th ro u g h  th e  s o lu t io n  f o r  some tim e i t  i s  
found  t h a t  th e  f i n a l  p ro d u c ts  a r e  s u l f u r  and w ate rs  
2H*S *• S0s * 3 8  + 2H*0 
a l l  o th e r  p ro d u c ts  b e in g  in te rm e d ia te  p ro d u c ts*  Any s u l ­
f u r i c  a d d  a p p e a r in g  i n  th e  r e a c t io n  i s  th o u g h t to  be due 
t o  a tm o sp h eric  o x id a t io n  o f  s u lfu ro u s  a d d *
H* B a s s e t t  and R. G* D u rran t (260) r e p r e s e n t  th e  
r e a c t io n  i n  a  somewhat d i f f e r e n t  m anner. They c la im  t h a t  
th e  f i r s t  s ta g e  o f  th e  r e a c t io n  betw een s u lfu ro u s  a d d  
and hydrogen s u l f i d e  1 s t
H|8  ♦  H ,S ,0 , H0*8*0*S.0H + 8(0H)§
H ence, s u l f o x y l ic  and i t s  pyro  d e r iv a t iv e  r e p r e s e n t  th e  
f i r s t  p ro d u c t o f  th e  re a c tio n *  The s u l f o x y l ic  a e ld  r e a c t s  
w ith  th e  hydrogen s u l f id e  to  form s u l f u r t  
2 (0 H ), + BftS ^  2H*0 + 28 
and th e  f r e s h ly  form ed s u l f u r  i s  i n  a  f a v o ra b le  c o n d i t io n
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f o r  r e a c t io n  w ith  s u lfu ro u s  a c id  to  form  t h l o s u l f u r l e  a d d ;
6 ♦  H*SOa S |8 |0 t 
w hich I s  r e l a t i v e l y  s t a b le  i n  weak a c id ic  s o lu t io n #  T r i ­
t h io n i e  a e ld  l a  form ed from th e  t h l o s u l f u r l e  a c ld i  
2H ,S*0, ^  HaS ♦ nnB90b 
and some t r l t h i o n a t e  may be form ed from s u lfu ro u s  and 
s u l f o x y l ic  a d d !
SS(OH)» 4  H#HSOt  *  Ht 0 4  H0«60g #8 »60a *0H 
F# F o r s t e r  and R# V ogel (861) su g g es ted  th e  r e a e t lo n i  
SO 4  2HS0** * S*0 t %  H*0 
f o r  th e  t r l t h i o n a t e  fo rm ation#
B a s s e t t  and D u rran t found t h a t  t r a c e s  o f  p o ly th io n a te s  
a r e  form ed by sh ak in g  s u lfu ro u s  a c id  w ith  a  s o lu t io n  o f  
s u l f u r  i n  benzene; and by p a s s in g  s u l f u r  d io x id e  and s u l ­
f u r  v ap o r s im u lta n e o u s ly  in to  an aqueous s o lu t io n  o f  s u l ­
fu ro u s  a e id |  a  m ix tu re  o f  t r i t h i o n i e  and t e t r a t h l o n l e  
a d d s  was o b ta in ed #
F* F o r s te r  and K, C en tn er ( 868)  a l s o  concluded  t h a t  
some t r l t h i o n a t e  i s  form ed d i r e c t l y ;
8 ,0 , “  ♦  4 H S 0 ,' ♦  i?H+ «  £ 8 ,0 ,*  ♦  3H,0 
and n o t  by th e  d e g ra d a tio n  o f  p e n ta th io n le  ac id #
th e  h y p o th e s is  o f  B a s s e t t  and D u rran t can be ad ap ted  
to  e x p la in  th e  r e s u l t s  o f  B» Debus (8 6 3 ) , and o f  £• H# 
R ie s e n fe ld  and G# V. F e ld  (864) a s  w e ll  a s  th e  h y p o th e s is  
b ased  on th e  p rim ary  fo rm a tio n  o f  s u l f o x y l ic  a e ld s  
BgSOg ♦ Ha8 ^  H.SO* 4  H*S0 
or# th e  h y p o th e s is  o f  £• H. R ie s e n fe ld  and G# W« F e ld
mb ased  on th e  p rim ary  r e a c t io n !
H*S ♦  2H*S0* m 3 (BO) aS (o r  50 ♦  H*0) 
o r  th e  h y p o th e s is  o f  F* F o r s t e r  and A* H om lg  (265) 
b a sed  on th e  p rim ary  r e a c t io n !
H*S ♦  2H*S0* *  H«S90b ♦  He0 
Ho p ro o f  o f  th e  p rim ary  fo rm a tio n  o f  s u l f o x y l ic  
a e ld  i s  p o s s ib le  e x c e p t t h a t  I t  b le a c h e s  in d ig o *  b u t t h i s  
t e s t  i s  ambiguous s in c e  h y p o su lfu ro u s  a d d  g iv e s  a  
s im i la r  a c tio n *
F* R aseh lg  (266)* E . H* R ie s e n fe ld  and 0* W* F e ld  
(264)*  F . F o r s t e r  (267)* and A* K u rten ack er and M* Kauf* 
mean (268) have  su g g e s ted  h y p o th e ses  i n  which p e n ta th io n le  
a e ld  i s  th e  f i r s t  form ed p o ly th io n ie  ae ld*  w h ile  B a s s e t t  
and D u rran t c la im  t r i t h i o n i e  i s  f i r s t  and p e n ta th io n le  
i s  th e  l a s t  p o ly th io n ie  a d d  form ed. They c la im  t h a t  th e  
h ig h e r  p o ly th io n ie  a c id s  a re  b u i l t  up from t r i t h i o n i e  
a d d  by th e  a s s im i la t io n  o f  s u l f u r !
B,S»0# ♦ 8 •  R»S40 9 
B ,S40# ♦ S ® HjSeO*
The o rd e r  o f  th e  s t a b i l i t y  o f  t r i t h i o n i e *  t e t r a th lo n le *  
and p e n ta th io n le  a d d s  l a  a s  fo llo w s!  T e t r a th lo n le  a d d  I s  
th e  l e a s t  s t a b le  and r e a d i ly  decomposes in to  t r l -  and pen ta*  
th lo m ie  a d d s *  T r i th io n ie  a d d  deeomposes more s lo w ly  in to  
s u l f u r  d io x id e*  P e n ta th io n le  a d d  deeomposes o n ly  i n  th e  
co u rse  o f  m onths w ith  th e  s e p a ra t io n  o f  s u lfu r*
I n  a l k a l i n e  s o lu t io n  a l l  o f  th e  p o ly th io n a te s  deecm* 
pose  q u ic k ly  i n t o  t h l o s u l f a t e  and s u l f i t e *
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The phenomena o b se rv ed  a r e  e x p la in e d  on th e  a s  sump** 
tiorn  t h a t  th e  In te rm e d ia te  compound i s  th e  h y d ra te  o f  
th e  unknown s u l f u r  monoxide* SO* T h is  i s  s t a b le  i n  a c id  
s o lu t io n  f o r  a  tim e  b u t in  n e u t r a l  o r  a lk a l in e  s o lu t io n  
q u ic k ly  form s th lo s u l f a te *  I n  a d d  s o lu t io n  i t  s lo w ly  
p o ly m e rise s  to  p e n ta th io n le  a d d *  By com bina tion  w ith  
s u lfu ro u s  a e ld  I t  form s t r l *  and t e t r a t h l o n l e  a e ld s t  
5S0 ♦  HfSOf a HftS+O*
60 ♦ 260* ♦ H»0 *  11*6*0* 
w ith  hydrogen  s u l f i d e  I t  i s  redueed  to  su lfu r*
F* F o r s t e r  (269) assumed t h a t  I n  aqueous s o lu t io n  
th e r e  I s  a  s t a t e  o f  e q u ilib r iu m  betw een s u l f o x y l ic  a c id  
and i t s  h y p o th e t ic a l  anhydrides 
H*S0* ^  SO ♦  H*0 
and t h a t  th e  o th e r  s u l f u r  a d d s  a r e  formed by th e  r e a c t io n s !  
1* SO + H*8 *  28 ♦ HfO 
8 .  880 -f H ,0 •  8 ,0 , “  «• 2H+
8 .  80 ♦ 8HS0, -  8 , 0 , "  + H,0 
4 * 80 ♦  2HS|0 |  * 8*0* ♦ HgO
He a l s o  assumed t h a t  th e  i n i t i a l  r e a c t io n s  I n  th e  forma** 
t l o n  o f  W aekenroder* s  s o lu t io n  inv o lv e*
H,S ♦  H ,8 0 , -  8 , (OH),  + H,0
fo llo w ed  bys
89 (OH) 9 4  Hi80* ♦ H*0 8H*S0*
and 8* (OH) * ♦  H*6 ^  2H*0 4 86
E E quation  8 I s  p r e f e r r e d  to  t h a t  su g g ested  by H. B a s s e t t  
and R. 0 .  D u rra n t (270) f o r  th e  fo rm a tio n  o f  t r i t h i o n i e  a d d *
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F . F o r s t e r  end A, H oralg  (805) r e p re s e n te d  th e  r e a c ­
t i o n  betw een s u lfu ro u s  a d d  and hydrogen  s u l f i d e  a s  a  
b a lan c e d  p ro c e s s  in v o lv in g  th e  In te rm e d ia te  fo rm a tio n  o f  
th e  h y p o th e t ic a l  H*8*0*l
H |S  ♦  H |SO f ^  ^  H |0
b i t  a  f u r th e r  r e a c t io n  w ith  hydrogen  s u l f id e  p roduces 
s u l f u r ,  w h ile  an  e x c e ss  o f  s u lfu ro u s  a c id  p ro d u ces p e n ta -  
t h lo n i e  a d d #  They added t h a t  th e  t r l t h l o n a t e s  a r e  th e  
l e a s t  s t a b l e ,  and th e  t e t r a th lo n a t e s  th e  m ost s ta b le *
Hone o f  th e  p o ly  th lo n ie  a d d s  a r e  s ta b le  i n  aqueous s o lu ­
t i o n ,  and th e  fo llo w in g  d eco m p o sitio n s o ccu r i n  s o lu t io n s
8*0*“  ^  S40*“ ♦ S 
8*0*“  ^  8*0*“  ♦  8
6 |0 (  e  H*0 *  S04 ♦  8 ,0 | ♦ 2H
8*0*“  ♦  H* ^  HS0,~ ♦ S
th e  i n s o l u b i l i t y  o f  s u l f u r  removes i t  from e q u i l ib r iu m ,
and a t  b o i l in g  te m p e ra tu re s  th e  s u l f u r  d io x id e  i s  removed
and s u l f a t e  i s  l e f t  a lo n e  i n  s o lu t io n ;  s id e  r e a c t io n s
w ere a l s o  shown to  ta k e  p lace*  The more s u l f u r  d io x id e
and s u l f u r  th e r e  rem ains in  s o lu t io n ,  th e  g r e a te r  i s  th e
ten d en cy  o f  t h l o s u l f u r l c  a c id  to  p o ly m e rise , e*g .
8*0*“  ♦ 8*0*“  ♦ 1* ^  S40*“  ♦ 880**
840*“  ♦  8*0*“  ♦  H* ^  8*0*“  ♦ B80**
A h ig h  c o n c e n tr a t io n  o f  hydrogen io n s  r e t a r d s  th e
d eco m p o sitio n  o f  t e t r a -  and p en t a  th lo n ie  a c id s ,  b u t n o t
o f  t r i t h l o n i e  ac id *  F . F o r s te r  (272) a ls o  s a id  t h a t  in
a d d i t io n  to  th e  fo rm a tio n  o f  t h l o s u l f a t e i
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MO ♦  H ,0 S ,0 ,“ ♦  2H+
th e  in te rm e d ia te  p ro d u c t ,  s u l f u r  m onoxide, may produce 
p o ly th io n tc  a c id s  lay o th e r  ch an g es , e*g»
80 ♦  SSgO,”  ♦  8H* » Se0 *" ♦  Ha0 
and 80 ♦ 8HS0*" ■ S ,0*“  + Ha0
P i th lo n ie  A d d
P i th lo n ie  a c id ,  H*S*04 ,  may be p rep a re d  by p a s s in g  
s u l f u r  d io x id e  i n t o  w a te r  w ith  m anganese d io x id e  i n  sus~  
p ension#  Upon th e  a d d i t io n  o f  barium  h y d ro x id e  s o lu t io n ,  
th e  s u l f a t e  i s  p r e c i p i t a t e d  o u t le a v in g  barium  d l th lo n a te  
i n  s o lu t io n *  T h is  method was deve lo p ed  by JT* h. Gay L ussae 
and I .  J .  W e lte r  (£75)#
The aqueous s o lu t io n  o f  th e  a e ld  i s  w ith o u t odor and 
upon c o n c e n tr a t in g  p a s t  sp# gr# 1*347 decomposes in to  
s u l f u r  d io x id e  and s u l f u r i c  a d d #
I n  g e n e ra l  d i th lo n ie  a d d  a r i s e s  from th e  o x id a tio n  
o f  s u lfu ro u s  a d d  w ith  v e ry  m ild  o x id a n ts  such a s  manganese 
d io x id e  o r  th e  h y d ro x id es  o f  th e  t e r v a le n t  i r o n  fam ily#
The r e a c t io n  w ith  f e r r i c  hydeoxide 1 s t
2Fe(0H) * 4 3S0, *  FcS*04 4 FeSO* 4 3H,0 
7# H eeren (£74) and T# 8 # Dymond and 7* Hughes (£75) 
found t h a t  an  a d d l e  s o lu t io n  o f  p o tassium  perm anaganate 
o x id is e s  s u lfu ro u s  a d d  to  th e  d l th lo n a te #  H# B u ig n et (£76) 
s a id  t h a t  th e  perm anganate i s  f i r s t  reduced  to  MnOa which 
th e n  a e t s  a s  in d ic a te d  aboves
2XMnG4 4  680* 4  £H*0 *  2KHS04 4  £BfaS04 *  H*8a04
Am F r ie s s n e r  (877) and c q - w orkers s tu d ie d  th e  e l e e -  
t ro ~ o x id a t io n  o f  n e u t r a l  and a lk a l in e  s o lu t io n s  o f  sodium 
s u l f i t e  w ith  h ig h  axtodle p o t e n t i a l s  and o b ta in e d  d l th lo n a te  
u n d e r  th e  p ro p e r  c o n d i t io n s  ac co rd in g  to  th e  e q u a tio n s  
SSO," ♦  SOST ♦  8H+ ♦  E(+) •  6 ,0 * "  ♦ SHaO 
A* H abl (878) o b se rv ed  t h a t  when a  35# s o lu t io n  o f  
sodium t h i o s u l f a t e  i s  mixed w ith  th e  c a lc u la te d  q u a n t i ty  
o f  hydrogen  p e ro x id e , and a c id  added from tim e t o  tim e 
to  keep  th e  l i q u i d  n e u t r a l ,  sodium d l th lo n a te  i s  formed* 
&*»&»0a ♦ Ha0 ,  *  SSaOH ♦ Na*St Q§
I f  an  e x c ess  o f  hydrogen  p e ro x id e  i s  u se d  th e  d l th lo n a te  
i s  o x id is e d  to  s u l f a t e  I
, f i |S iO | B ,0 | ® 2HaS0g
L* Pm de S t#  F I l i e s  (879) o b serv ed  t h a t  an a c id ic  
s o lu t io n  o f  p o ta ss iu m  perm anagate  o x id is e s  t h i o s u l f a t e  to  
d l th lo n a te *
V* J*  F o rdos and A# G e lls  (860) found t h a t  t r l t h l o n a t e s  
y i e l d  d l th lo n a te  when t r e a t e d  w ith  a d d  p o tassiu m  per*  
w anganate s o lu t io n *
J*  Meyer (281) o b serv ed  t h a t  a c id ic  and a lk a l in e  
s o lu t io n s  o f  h y p o su lfu ro u s  a c id  a r e  o x id is e d  by hydrogen 
p e ro x id e  to  s u l f u r i c  and d i th lo n ie  ac id s#
D ith io n lc  a d d  h as n e v e r  been i s o l a t e d  b u t e x i s t s  
o n ly  i n  aqueous so lu tio n *  The a lk a l in e  and a lk a l in e  e a r th  
s a l t s  a r e  s t a b le  b o th  in  s o lu t io n  and in  th e  s o l id  s t a t e  
a t  tem pera to r e s  below  100°  •
O x id is in g  a g e n ts  can  tra n s fo rm  d l th lo n ie  a d d  in to
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s u l f u r i c  a e ld  b a t  a s  s t a t e d  by A* F is c h e r  and W* C la sse n  
( 888)  sodium d l th l o n a t e  I s  n o t  r e a d i ly  a t ta c k e d  by co ld  
a lk a l i n e  o r  n e u t r a l  o x id a n t8,  and b u t l i t t l e  in  a c id ic  
s o lu t io n *
A* Longl and L* Bona v ia  (288) found t h a t  sodium 
d io x id e  o x id is e s  th e  d l th io n a te s  to  s u l f a t e s  slow ly*
J#  L* Gay L ussae and J*  J*  W elte r (284) s a id  t h a t  
th e  c o ld  aqueous s o lu t io n  o f  th e  a c id  I s  n o t  o x id is e d  by 
a  c o ld  aqueous s o lu t io n  o f  c h lo r in e ,  b u t i s  o x id is e d  i n  
a  b o i l in g  s o lu t io n ;  and A* J* B a la rd  (285) found t h a t  th e  
e o ld  s o lu t io n  i s  n o t  o x id is e d  by h y p o eh lo ro u s ac id*
F . H eeren (286) found t h a t  d i  th lo n ie  a e id  had no 
e f f e c t  on hydrogen  s u l f id e  and H* C* H* C a rp e n te r  (287) 
found no a c t io n  f o r  s u l f u r  d io x id e  on barium  d l th lo n a te *  
D l th io n a te s  a r e  n o t  decomposed by b o i l in g  w ith  a lk a l i*
9* T r i th lo n ie  A eid
P o tass iu m  t r i th lo n & te  was f i r s t  p rep a red  by C*
L a n g lo ls  (288) i n  1840 by th e  a e t io n  o f  s u l f u r  on potas*- 
slum  h y d r o s u l f i t e i
6KH80* 4  28 * 2 C |S |0 | 4  K |@ |0 | 4  SH|0 
T r i  th lo n i e  a e id  h a s  new er been I s o la te d *  The a d d  
s lo w ly  decomposes a t  o rd in a ry  te m p e ra tu re s  w ith  th e  sep ara~  
tlo m  o f  s u l f u r ,  th e  e v o lu tio n  o f  s u l f u r  d io x id e , and th e  
fo rm a tio n  o f  s u l f u r i c  a c id i
Ha8*0* *  Ht S0« 4 80* 4 8 
M* J*  P ordos and A* G e lis  (288) s a id  t h a t  th e  s o lu t io n
?s
o f  th e  a e id  i s  more s t a b l e  i n  th e  p re se n c e  o f  a c id ,
t h e  s u l f u r  does n o t  a l l  s e p a r a te  i n  th e  f r e e  s t a t e  
d u r in g  th e  d ec o m p o sitio n * b u t p a r t  o f  i t  r e a c t s  w ith  
t r i t h l o n i e  a e id  to  form  p e n ta th io n le  a c id  and p ro b ab ly  
t e t r a t h i o n l e  a d d *  th e  t e s t  f o r  p e n ta th io n le  a e id  i s  
p o s i t iv e  a f t e r  s ta n d in g  14 days*
8HaS»0* *  SH9 SO4  + SSO| 4  HgSgO*
S im ila r ly *  a  c l e a r  n e u t r a l  s o lu t io n  o f  p o tassiu m  t r i t h i o n a t e  
y i e ld s  a  t e s t  f o r  t e t r a t h i o n l e  a e id  upon s ta n d in g  tw en ty - 
fo u r  hou rs*
2K*S*0e *  K*S4 0d 4 K*S04  4  SO*
A f te r  s ix  days a t e s t  f o r  p e n ta th lo n a te  was o b ta in ed *
A* K urten& cker and M* Kaufmann (290) r e p re s e n te d  th e  
r e a c t io n s  a s  fo l lo w s 1
1 .  8 , 0 , "  ♦  H,0  « 8 , 0 , “  ♦  80*“  + SB*
2* 8 |0 |  4 8 3 O4  4 B •  S4 0 |  4 ESO*
S . 5 8 ,0 ,"  ♦  8H+ x £ 8 ,0 ,"  + 5B,0 
4 .  8 , 0 , "  ♦  H+ » HSO," ♦ 8  
C* S a in tp i e r r e  (291) found th a t  i f  a  d i l u t e  s o lu t io n  
o f  p o tassiu m  h y d r o s u l f i t e  be h e a te d  in  a s e a le d  tu b e  on 
a  w a te r  bath*  s u lfu r*  and p o tassiu m  t r i t h i o n a t e  and s u l f a t e  
a r e  form ed b u t no o th e r  s u l f u r  compounds
10KHS0* « SK*804 4 H*8*04 4 28 4 4H*0 
The l i q u i d  f i r s t  become y e llo w  presum ably due to  th e  
fo rm a tio n  o f  s u l f u r  so t h a t  h e re  a g a in  th e  t r i t h i o n a t e  i s  
p roduced  by th e  a c t io n  o f  s u l f u r  on th e  h y d ro s u lf i te *
S in ce  s u l f u r  d io x id e  a c t s  on po tassiu m  t h i o s u l f a t e  to  form
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th e  t r i t h i o n a t e ,  i t  fo llo w s  t h a t  th e  a c t io n  o f  s u l f u r  on 
p o ta ss iu m  h y d r o s u l f i t e  p ro ceed s  i n  two s ta g e s t
♦ 38 •  ^ K |8 |0 | ♦ 3 8 0 | ♦ 
and K«SsOa ♦ SSOa «  2Ka$ t 0a 4  8
6 * C hancel and E . D iaeon (898) produced t r i t h i o n a t e  
lay th e  a c t io n  o f  s u l f u r  d io x id e  on a  m ixed s o lu t io n  o f  
p o ta ss iu m  s u l f id e  and h y d r o s u l f i t e i
X*S 4  4KHS0* 4  480* »  8KaSa0 t  4  2Ha0 
£• M a th ie u -P le ssy  (298) o b served  t h a t  p o tassiu m  
t r i t h i o n a t e  i s  form ed by th e  a c t io n  o f  s u l f u r  d io x id e  
on a  c o n c e n tra te d  s o lu t io n  o f  po tassium  th io s u l f a t e !
2KaSa0 a 4  3S0a * 2KaSa0a 4  &
A* T l l l l e r s  (294) s a id  t h a t  th e  r e a c t io n  w ith  sodium 
t h i o s u l f a t e  sh o u ld  be re p re s e n te d  bys
28aaSa0 a 4  3S0a <* HftgSiOi 4  2 a a8a0a 
H* Debus (295) showed t h a t  i la th ie u -P le s s y * s  e q u a tio n  
co u ld  n o t  be r i g h t  because  th e  f i n a l  p ro d u c ts  o f  th e  
r e a c t io n  a r e  p o tassiu m  t r i t h i o n a t e  a s  th e  main p ro d u c t, 
w h ile  s u l f u r  and po tassiu m  t e t r a *  and p e n ta th io n a te s  a r e  
a l s o  form edt
6Ka8a0 a 4 960a ** Ka8a0a 4 K1S4O1 4  4J£aSa0a 
A c tu a lly  lesi» p e n ta -  and t e t r a t h i o n a t e  and more t r i t h i o n a t e  
a r e  form ed due to  th e  fo rm a tio n  o f  s u lfu r*
B. R athke (298) showed t h a t  th e  t r i t h i o n a t e  i s  produced 
i f  a  m ix tu re  o f  p o tassiu m  t h i o s u l f a t e  and h y d r o s u l f i t e  be 
c r y s t a l l i s e d  to g e th e r !
2KaSa0e 4  580* * 2KaSaQ4 4 &
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I k e  o x id a t io n  o f  a  s o lu t io n  o f  sodium s u l f i t e  and 
t h i o s u l f a t e  by means o f  io d in e  y ie ld s  t r i t h i o n a t e  acco rd*  
in g  to  W. S p rin g  (297) I
Ka*SOa ♦  Na*SgO, + I a « Na*S»Qe ♦ 2NaI 
b u t  A* C o lfa x  (293) s a id  t h a t  h i s  I s  n o t  c o r r e c t # fo r  th e  
t r i t h i o n a t e  i s  th e  r e s u l t  o f  a  seco n d ary  r e a c t io n  between 
t e t r a t h l o n a t e  and s u l f i t e  i n  th e  p re se n ce  o f  io d in e *
H. W l l l s t a t t e r  (299) o b ta in e d  th e  t r i t h i o n a t e  by 
d ro p p in g  hydrogen  d io x id e  i n t o  a  s o lu t io n  o f  sodium th io ­
s u l f a t e  a t  0°  to  10° i
2NaaS80 8 4* 4H»0» * Na8S80* ♦ Na8SQ4 ♦ 4H80 
J*  £ •  ICaekensle and H* M a rsh a ll (300) showed th a t  
w h ile  t e b r a th io n a te s  a r e  produced by th e  a c t io n  o f  p e r s u l­
f a t e s  on t h i o s u l f a t e s t
K8S80& ♦ 2S r8S808 » gfirS04 ♦  K»S40# 
p ro v id ed  a s l i g h t  ex cess  o f  th e  p e r s u l f a t e  i s  U sed; i f  th e  
t h i o s u l f a t e  be i n  e x c e s s , th e  t r i t h i o n a t e  i s  produced*
P . P ie r ro n  (301) found t h a t  t r i t h i o n a t e  i s  formed 
in  th e  an o d ic  o x id a t io n  o f  a  s o lu t io n  o f  ammonium th io ­
s u l f a te *  As in d ic a te d  in  co n n e c tio n  w ith  W&ekenroder9s 
l i q u i d ,  t r i  th lo n ie  a c id  i s  form ed among th e  p ro d u c ts  o f  
th e  d eco m p o sitio n  o f  th e  p o ly  th lo n ie  a c id s ;  and a ls o  by 
th e  a c t io n  o f  s u l f u r  d io x id e  on th e s e  a d d s *
H* Honlg and £• Z a tzek  (302) found th a t  t r i t h i o n a t e  
was p roduced  a long  w ith  s u l f u r i c  a c id  and s u l f u r  by th e  
a c t io n  o f  p o tassium  perm anganate In  th e  co ld  on a l k a l i  
s u l f i d e s  o r  p o ly s u lf id e s *
?e
A ccord ing  t o  W. S p rin g  (303) s u l f u r  m onoch loride 
r e a c t s  w ith  p o ta ss iu m  s u l f i t e  fo rm ing  t r i t h i o n a te *
SK f80 | 4  8g C l | *  ^ t^ tO g  ^  J8KC1 4  S 
and w ith  s u l f u r  d ic h lo r id e s
2K,SO* 4  SC I, *  KaSaOa 4  JB&C1 
H. Debus (304) s a id  t h a t  w a te r decomposes s u l f u r  
m onoch lo ride  i n t o  t h i o s u l f u r i c  and h y d ro c h lo r ic  a c id s  and 
s u l f u r s
g6aC la 4  3Ha0 * HaSaOa 4  4HC1 4 28 
The t h i o s u l f u r i e  a c id  soon s p l i t s  in to  w a te r , s u l f u r ,  and 
s u lfu ro u s  a d d *  Whenever n a s c e n t s u l f u r  and s u lfu ro u s  a d d  
m eet u n d e r  f a v o ra b le  c o n d i t io n s ,  p o ly th lo n ic  a c id s  a r e  
fo rm ed , and he  d e te c te d  th e  p re se n c e  o f  p e n ta th io n le  a d d  
i n  th e  l i q u i d .
The h y d r o ly s is  o f  t r i t h i o n i c  a d d  i n  a d d l e  s o lu t io n  
can  be r e p re s e n te d  byt
H f8g0 | 4  H*0 -V-—* HgS 4  B ,8g0f 
and 3HaSa0 a 4  3Ha0 ^  3HaS 4 3H8S04
A ccord ing  to  F . F o r s t e r  and A* H ornlg  (305) th e  h y d ro ly s is  
i n  w eakly a c id ic  and w eakly a lk a l in e  s o lu t io n s  can  be r e p r e -  
s e n te d  byt
HaSa0a 4  3 a0 ■ Ha804 4  BaSa0 a 
In  th e  p re se n ce  o f  sodium a c e ta te  th e  above r e a c t io n  I s  
q u a n t i t a t i v e .
The h y d ro ly s is  i n  s t r o n g ly  a lk a l in e  s o lu t io n  1 s t 
2HaSa0a 4  3Ha0 ^  HaSg0 a 4 4HaS0a 
A . S ander (306) r e p re s e n te d  th e  r e a c t io n  w ith  hydeogen 
perox ide*
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Nft8S»0e + 4Ha0* ♦  4N&0H *  SNa»S04 ♦ «Ht 0 
A, Long! and I>. B o n lv ia  (307) found t h a t  sodium 
d io x id e  c o m p le te ly  o x id is e s  t h l o s u l f a t e s  to  s u l f a te s *  
A ccord ing  to  M* B e r th e lo t  (308) when c h lo r in e  i s  
p a sse d  i n t o  a  s o lu t io n  o f  t r i t h i o n a t e *  s u l f a t e  i s  formed* 
The same a c t io n  was o b serv ed  w ith  bromine*
C* L a n g lo ls  (809) s a id  t h a t  h y d ro c h lo r ic  a d d  was 
w ith o u t a c t io n  on t r l th lo n & te s f  c h lo r ic  a e id  o x id is e s  
t r i  th lo n ie  a d d  to  s u l f u r  and s u l f u r i c  a d d ;  p e r c h lo r ic  
a d d  i s  w ith o u t a c tio n *
H* Debus (310) r e p re s e n te d  th e  r e v e r s ib l e  a c t io n  
o f  s u l f u r  on t r l t h l o n a t e s  a s t  
K8S904 + 8 ^>|340q
and ^  28 -r- K8S90 4
Debus s a id  hydrogen s u l f i d e  was w ith o u t a c t io n  on 
t r l t h l o n a t e s  a t  o rd in a ry  tem p era tu re*  On p ro lo n g ed  s tan d *  
in g  th e  fo llo w in g  may ta k e  p la c e t
£K9S»04 ♦  5HjS « K*S04 ♦  KsS20 , ♦  5H*0 ♦  88
G. C hancel and E* D iacon (311) and A* K u rten ack er 
and M* Kaufmaxm (312) found t h a t  p o tassium  s u l f id e  c o n v e r ts  
th e  t r i t h i o n a t e  i n t o  t h i o s u l f a t e  w ith o u t th e  s e p a ra t io n  
o f  s u l f u r t
K ,S ,0*  ♦ K |S *
Debus showed t h a t  I f  a s o lu t io n  o f  t r i  th lo n ie  a d d  
be t r e a te d  w ith  s u l f u r  d io x id e*  a l l  th r e e  p o ly th lo n le  
a d d s * *  t r i* *  te t r a * *  and p e n t a * , w i l l  e x i s t  i n  th e  s o lu t io n  
a f t e r  some tim e* T h lo s u lf u r lc  a c id  r e a c t s  w ith  t r i  th lo n ie
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a d d  to  f o r a  t e t r a -  and p e n ta th io n le  a c id s .
V« S p rin g  (S IS ) s a id  t h a t  d i l u t e  s u l f u r i c  a d d  i s  
w ith o u t a c t io n  i n  th e  cold*
A. L oagl and L* Bonavia (514) s a id  t h a t  p o tassiu m  
perm anganate i n  a l k a l in e  s o lu t io n  s lo w ly  o x id is e s  t r i *  
th io n a te s  t o  s u l f a t e *  F* K aschig  (515) s a id  t h a t  in  a d d l e  
s o lu t io n  tw o - th i r d s  o f  th e  t r i t h i o n a t e  goes to  s u l f a t e  
and th e  rem a in d er t o  d l th lo n a te *
10* T e t r a th io n ie  A d d
T e t r a th io n ie  a d d  o r  th e  t e t r a t h l o n a t e s  a r e  m ost 
e a s i l y  p re p a re d  by th e  a c t io n  o f  io d in e  on sodium th io ­
s u l f a t e  s
SVaf8gO| ♦  Xg *  JBNal ♦ Hagfi40 |
T e t r a th io n ie  a c id ,  H*S40e ,  h as  new er been i s o l a t e d ­
i t  e x i s t s  o n ly  i n  aqueous s o lu t io n ,  t h i s  s o lu t io n  hav ing  
ab o u t th e  same s t a b i l i t y  a s  d i  th lo n i e  a d d *  The concen­
t r a t e d  s o lu t io n ,  ac co rd in g  to  II* J* Fordos and A* G e lls  (316) 
decom poses i n t o  s u l f u r ,  s u l f u r  d io x id e , and s u lfu ro u s  a d d *
B* Debus (317) showed t h a t  an  aqueous s o lu t io n  o f  
po tassiu m  t e t r a t h l o n a t e  a t  18° s lo w ly  decomposes in to  
p e n ta th io n a te  and t r i t h i o n a t e ,  s u lfu ro u s  a d d ,  and p o ta s ­
sium s u l f a t e  ac co rd in g  to  th e  fo llo w in g  r e a c t io n s t  
2£a6404 *  Ka8a0a 4 Ka6a0a 
ZKa8a0a « 2KaS04 4  280a 4 KaSa0a 
A* S ander (318) showed t h a t  th e  p re se n ce  o f  th io ­
s u l f a t e  a c c e le r a te d  th e  d eco m p o sitio n  o f  t r i t h i o n a t e  by
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a  p u re ly  c a t a l y t i c  e f f e c t .
O th e r  o x id iz in g  a g e n ts  b e s id e s  io d in e  can produce 
te t r a th to m a te  when a c t in g  on sodium t h i o s u l f a t e .  M* «T.
F ordos and A. G e lla  (819) ,  F . D le n e r t  and F . W andenbuleke 
(5 2 0 ) ,  and 0 .  Lunge (521) o b serv ed  t h a t  t h i s  o cc u rs  w ith  
h y p o c h lo r i t e s .
F ordos and G e lis  s a id  t h a t  th e  r e a c t io n  w ith  c h lo r a te s  
w i l l  y i e l d  t e t r a t h i o n a t e .
E . S o n s ta d t (522) g iv e s  th e  r e a c t io n  w ith  lo d a te s  a s t  
6Ha*Ss 0 ,  ♦ KXO* ♦ 6HC1 «  S fa»8404 + KX + 6NaCl + 3H,0 
A. N abl (528) g iv e s  th e  r e a c t io n  w ith  hydrogen p ero x id e?
SKa|8 | 0 |  ♦  H |0 |  *  Na4S40 4 + 2NaOH 
p ro v id ed  th e  a l k a l i  form ed i s  n e u t r a l i z e d ;  o th e rw is e , th e  
t e t r a t h i o n a t e  i s  decomposed y ie ld in g  t h i o s u l f a t e ,  s u l f a t e ,  
and s u l f i t e .
H. M a rsh a ll (524) observed  th a t t t i i o s u l f a t e s  a r e  oxl~  
d ic e d  t o  t e t r a t h i o n a t e s  by p e r s u l f a t e s  I
£ 8 r8 |0 | 4 KfSgOg ■ 2SrS04 4 XgS40 |
A. V i l l i e r a  (525) showed t h a t  when s u l f u r  d io x id e  
i s  p assed  in t o  a  s o lu t io n  o f  sodium t h i o s u l f a t e ,  t e t r a ­
th io n a te  i s  form ed a lo n g  w ith  t r i -  and p e n ta th lo n s  te a  •
W. S p rin g  (526) s a id  t h a t  t e t r a t h i o n a t e  I s  formed 
by th e  a c t io n  o f  s u l f u r  m onoch loride o r  s u l f u r  d ic h lo r id e  
on p o tassiu m  t h i o s u l f a t e ,  and H. Debus (5 2 7 ), by th e  a c t io n  
o f  s u l f u r  d io x id e  and w a te r on s u l f u r  m o n o ch lo rid e , 
h y d ro c h lo r ic ,  s u l f u r i c ,  and p e n ta th io n le  a c id s  and s u l f u r
b e in g  form ed a t  th e  same tim e*
P* P le r r o n  (SS8 ) o b ta in e d  t e t r a t h l o n c a t e  a s  a 
p ro d u e t o f  th e  a n o d ic  o x id a t io n  o f  sodium th io s u l f a t e *  
th e  fo rm a tio n  o f  t e t r a t h i o n i e  a c id  i n  th e  r e a c t io n  
o f  hydrogen  s u l f i d e  and s u lfu ro u s  a e id  h a s  been d is c u s s e d  
u n d e r  The P o ly th io n a te s • W* S p rin g  (329) r e p re s e n te d  th e  
r e a c t io n s i
S0s  + 86*6 * 2H*0 + 36 
603 a  H*0 ♦ S ■ H |S |0 |
SO* ♦  H*S*0* ■ H*S0* ♦ H*S*0*
H» Debus (560) s a id  t h a t  o n ly  £& a t a t a  n a sc e n d i 
w i l l  s u l f u r  r e a c t  w ith  s u l f u r  d io x id e*
0 * C hancel and E* D iacon (331) s t a t e  t h a t  t e t r a *
th lo n ie  a c id  i s  formed by th e  sp o n tan eo u s d eco m p o sitio n
o f  p e n ta th io n le  ac id *
H« B a s s e t t  and R* 0* D u rran t (332) s tu d ie d  th e  hy­
d r o ly s i s  o f  t e t r a -  and p e n ta th io n le  a d d s  and s t a t e d  t h a t  
t r i t h i o n a t e  i s  a lw ays formed a t  l e a s t  a s  an in te rm e d ia te  
p ro d u ct*  T h is  o c c u rs  by d i r e c t  d eco m p o sitio n !
6*6*0* ^  fi*S*0* ♦ S 
6*6*0* H*S*0* 4 6
We may h e r e  seco n d ary  r e a c t io n s  a r i s i n g  from r e a c t io n  
w ith  s u lfu ro u s  a e id  produced by h y d ro ly s is  o f  t r i  th lo n ie  
a e id t
6*6*0* ♦  H*S0* *=£ 6*6*0* 4* H*6*0*
6*6*0* ♦ H*S0* ^  H*6*0* *4 H*S*0*
6*60* ♦ 0 ^  6 *6*0*
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I t  i s  p ro b a b le  t h a t  th a  d eco m p o sitio n s  o f  t e t r a t h i o n i e  
and p e n ta th io n le  a c id s  a r e  b lm o le e u la r t  
JSHaSa04 ^  SH |S | 06 ^  3 
2HaS40 e ^  2Hs Sa0a 4  8 
The f i n a l  p ro d u c ts  o f  th e  h y d r o ly s is  o f  t r l t h i o n l c ,  t e t r a ­
th i o n i e ,  and p e n ta th io n le  a c id s  a r e  s u l f u r i c  a c id ,  s u l f u r  
d io x id e ,  and s u lfu r*
The h y d ro ly s e s  i n  a l k a l in e  s o lu t io n  a r e  sym bolised  
by A* K u rten ac k e r  and 11.  Kaufmann (353) by!
2HaSa0a + 5HS0 ^  HaSa0 a 4  4BaS0a 
gHaS40 e 4  5H,0 ^  5H3S ,0 b 4 2H»S0a 
2HaSa04 4  5Ha0 ^  5HaSa0 a 
A* S ander (554) g iv e s  a s  th e  r e a c t io n  o f  t e t r a t h i o n a t e  
w ith  hydrogen  p e ro x id es
» a aS40a 4  7Ha0a 4 6SaOH « 4NaaS04 4 10H*0 
O x id iz in g  a g e n ts  l i k e  c h lo r in e  c o n v e rt th e  t e t r a ­
th io n a te  to  s u l f a t e  ac co rd in g  to  II. B e r th e lo t(3 3 5 )  *
G» S . Jam ieson  (556) r e p re s e n te d  th e  r e a c t io n  w ith  
lo d a te a s
2HaaS40a 4 7KI0a 4 10HC1 * 4HaS04 4  2Na„S04 4  2KaS04
4 71Cl 4 3KC1 4 Ha0 
A ccord ing  to  H. Debus (2 S 7 ), s u l f u r  s t a t u  n asce n d i 
c o n v e r ts  th e  t e t r a t h i o n a t e s  i n t o  p e n ta th io n a te s *
V. Lewes (358) found t h a t  t h i o s u l f a t e  i s  produced 
by th e  a c t io n  o f  hydrogen s u l f id e  on a s o lu t io n  o f  p o ta ss iu m  
t e t r a t h i o n a t e :
Ka840a 4 3HaS 18 £a8gOa 4 3Ha0 4 58
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W. Sm ith  and T . Takam atsu (©39) s a id  t h a t  p o tassiu m  
s u l f i d e  r e a c t s  w ith  t e t r a t h i o n a t e  form ing th io s u l f a te *
KaS406 ♦  K»S * m 9sMoB
E . Debus found t h a t  t e t r a t h i o n i e  a c id  i s  red u ced  by 
s u l f u r  d io x id e  form ing  s u l f u r  and t r l t h i o n l c  ac id *  The 
s u l f u r  p ro d u ces t h i o s u l f u r i c  a c id  which In s te a d  o f  p re ­
c i p i t a t i n g  s u l f u r  on s ta n d in g  g iv e s  h a l f  i t s  s u l f u r  to  
t h e  t r l t h i o n l c  a e id  o r  th e  undeeompoaed t e t r a t h i o n i e  a d d  
so  a s  to  form t e t r a t h i o n i e  o r  p e n ta th io n le  ac id *
A. C o le fax  (340) s a id  t h a t  s u l f i t e  removes s u l f u r  
from  t e t r a t h i o n a t e  w ith  th e  fo rm a tio n  o f  t h io s u l f a t e  and 
t r i t h i o n a t e *
MaS40# ♦ E8S0 j  ^  M*S*0* ♦  Et SsO*
F . R asch lg  (341) found th a t  an a c i d i f i e d  s o lu t io n  o f  
sodium t h i o s u l f a t e  c o n v e rts  t e t r a t h i o n a t e s  in to  p e n ta th lo n a te s •
A ccord ing  to  E . J*  Fordos and A* G e lis  (3 4 2 ) , n i t r i c  
a d d  o x id is e s  t e t r a t h i o n a t e s  to  s u l f a t e  w ith  th e  s e p a ra t io n  
o f  s u l f u r .  They a l s o  s t a t e  t h a t  an ex cess  o f  p o tassiu m  
h y d ro x id e  r e a c t s  a s  fo llow s*
2KaS40* + 6K0H « 3KaS803 4 2K*S0* ♦  3HS0
A. Gutman (343) found t h a t  w ith  I d  a lk a l i*
3HaaS40d 4  lJSSaOH ** 3EaaSa03 4  5NaaS0a 4 NaaS ♦ 6Ha0
A. Longi and L« B onavia (344) found t h a t  th e  t e t r a *  
th io n a te s  a r e  o x id is e d  slo w ly  by an a lk a l in e  s o lu t io n  o f  
p o ta ss iu m  perm anganate#
11* P e n ta th io n le  A eid
R* W* P , W&ckenroder (545) p roposed  th e  p ro b ab le  
fo rm a tio n  o f  p e n ta th io n le  a c id  by th e  a c t io n  o f  hydrogen 
s u l f i d e  on a  s o lu t io n  o f  s u lfu ro u s  ac id *  The r e s u l t i n g  
s o lu t io n  I s  r e a l l y  a m ix tu re  o f  p o ly th io n ic  a c id s  a s  
p r e v io u s ly  d isc u sse d *
C* Ludwig (346) o b ta in e d  p e n ta th io n le  a e id  by th e  
a c t io n  o f  hydrogen  s u l f id e  on s u lfu ro u s  a d d *
G* C hancel and E* D laeon (347) observed  t h a t  pen ta*  
th lo n ie  a e id  I s  form ed when a c id s  a c t  on th lo s u l f a te s *
P . R asch ig  (348) s a id  t h a t  p e n ta th io n le  a c id  r e s u l t e d  
from  th e  a c t io n  o f  an a c id i f i e d  s o lu t io n  o f  t h io s u l f a t e  
on t e t r a th io n a te s *
W* P e tz o ld  (349) s ta te d  t h a t  p e n ta th io n le  a c id  r e s u l t e d  
from  th e  p o ly m e riz a tio n  o f  t h l o s u l f a t e s  i n  a c id  s o lu t io n !  
5S8o5 ♦ 10 i f  » 2S,0«“  ♦ 4H* ♦ ZH*0 
H. B a s s e t t  and R. G. D u rran t (350) g iv es
4  S&j|SgO| ^ 4HA ® HgSgOg 4* 4NaA 4  HgO 4 SOg 
II* J* Fordoa and A* G e lis  (351) say  t h a t  p e n ta th io n le  
a e id  l a  form ed when w ater a c t s  on s u l f u r  mono* o r  d le h lo r id e s  
582C1, + 8H*0 * 5S + 10HC1 + HaS*O0 
P e n ta th io n le  a c id  i s  known o n ly  In  aqueous s o lu t io n  
and g ra d u a l ly  decomposes g iv in g  t e t r a *  and t r l t h i o n l c  a d d a  
and s u lfu r*  The p re se n ce  o f  a d d s  makes i t  more s ta b le *
Any a lk a l in e  r e a g e n t  cau ses Im m ediate p r e c i p i t a t i o n  o f  
s u l fu r*
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B* W* F* W ackenroder (358) found t h a t  c h lo r in e  and 
h y p o ch lo ro u s  a e id  o x id is e  p e n ta th io n ic  a c id  to  s u l f u r i c  
a e id *
If* B e r th e lo t  (353) s ia d  t h a t  brom ine o x id is e s  p e n ta -  
t h lo n a te s  to  s u l f a t e s *  F* R asch ig  (354) found t h a t  a  mix­
t u r e  o f  h y d ro c h lo r ic  a e id  and p o ta ss iu m  c h lo r a te  o x id is e s  
p e n ta th io n le  a e id  to  s u l f u r i e  ae id *
H* Debus (855) g iv e s  f o r  th e  r e a e t lo n  o f  hydrogen 
s u l f i d e  t
B*SsO# + 5H*S a 6H*0 ♦ 10S 
& ,S »0A ♦ SH| 6  * K |S |0 | 4 SK1 S3 O1  3H|0 ♦ 10S 
Debus a l s o  showed t h a t  an  e x c e ss  o f  s u l f u r  d io x id e  
tra n s fo rm s  a  p o r t io n  o f  th e  s o lu t io n  o f  th e  a e id  in to  
t e t r a t h i o n i e  o r  t r i t h i o n i e  a c id ,  and p a r t  rem ains undeeom* 
p o sed , w h ile  p e n ta th lo n a te s  a r e  co m p le te ly  tran sfo rm ed  
in t o  t r l t h l o n a t e s  and t h i o s u l f a t e s ;  w ith  n e u t r a l  s o lu t io n s  
o f  s u l f i t e s  some s u l f u r  d io x id e  and s u l f u r  a r e  formed* 
A ccording to  M* J* F ordos and A* G e lls  (356) an 
e x e e ss  o f  a l k a l i  h y d ro x id e  im m ed ia te ly  decomposes pen ta*  
th lo n ie  a c ld t
£K*S*0* ♦ 8K0H * S 3» t^ |0 | ^  3H$0 
F# R asch ig  (357) s a id  t h a t  p e n ta th io n ic  a d d  I s  
s lo w ly  o x id is e d  by an  a c id  s o lu t io n  o f  p o tassium  perm anganate* 
T here  i s  no t e s t  a p p l ic a b le  f o r  p e n ta th io n ic  a c id  
i n  aqueous s o lu t io n *  C o l lo id a l  s u l f u r  w i l l  g iv e  th e  same 
t e s t  a s  p e n ta th io n a te *
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12* H ex& thionlc A eid
The e x is te n c e  o f  h e x a th io n ic  a c id  a s  a  chem ical 
in d iv id u a l  i s  d o u b tf u l ,  f o r  i t  i s  m ost p ro b ab ly  pen t a -  
th lo n i e  a e id  m ixed w ith  c o l lo id a l  s u lfu r*
However, £• V e i t s  and P* A eh te rb e rg  (858) c la im  to  
have p re p a re d  i t  by th e  a c t io n  o f  p o ta ss iu m  n i t r i t e  on 
p o ta ss iu m  t h i o s u l f a t e  i n  th e  p re se n c e  o f  a e id  and when 
w e ll  coo led*
H ex a th lo n ie  a e id  i s  l e s s  s t a b l e  th a n  p e n ta th io n ic  
a e id  and r e a d i ly  decom poses y ie ld in g  s u l f u r  and o th e r  
p o ly th io n le  a c id s*
M ost o f  th e  r e a c t io n s  i n  w hich i t  i s  c la im ed  to  
have  o e e u rre d  c o n ta in  sodium t h i o s u l f a t e  a s  one o f  th e  
r e a e ta n ts *
13* P y ro su lfu ro u s  A cid 
The h y p o th e t ic a l  pyro  s u lfu ro u s  a e id ,  H*S*Os ,  h a s  n o t  
been  p re p a re d , b u t a few o f  i t s  s a l t s ,  p y r o s u l f l t e s ,  have 
been p re p a re d  by J*  S* M u sp ra tt (3 5 9 ), E* C arey and F* 
H a r te r  (3 6 0 ) , C* S c h u l tz - 8e l la c k  (3 6 1 ) , and o th e rs*
When t r e a t e d  w ith  a c id ,  th e  p y r o s u l f l t e s  f u r n is h  
s u lfu ro u s  ae id }  and when h e a te d , A* H* R ohrlg  (368) and 
M* B e r th e lo t  (363) r e p re s e n te d  th e  decom position !
2R ,8s0 t  *  8R»S04 ♦ 8 ♦ SOg 
A* G eu th e r (364) s a id  t h a t  some t h i o s u l f a t e  i s  form ed a s  
an  in te rm e d ia te  p ro d u c t , b u t E* D iv ers  (365) d id  n o t  a g re e  
w ith  th i s *
as
When s u l f u r  d io x id e  I n  ex c e ss  i s  p assed  I n to  a  con­
c e n t r a te d  aqueous s o lu t io n  o f  sodium ca rb o n a te*  c r y s t a l s  
o f  sodium  p y r o s u l f i te *  Nat S*Q#, a r e  d e p o s ite d  a s  th e  
s o lu t io n  co o ls*
C* S c h u l ts -S e l la e k  (366) found  t h a t  th e  s a l t  g ra d u a l ly  
lo s e s  s u l f u r  d io x id e  when exposed to  a i r *  and i t  p a s se s  
i n t o  no rm al sodium s u l f a te *
I n  g e n e ra l*  p y r o s u l f l t e s  a r e  u n s ta b le  i n  s o lu t io n *
14* D is u l f u r ic  A cid
th e  p e r s u l f u r i c  a c id s  may be e l im in a te d  due to  th e  
c o n d i t io n s  u n d e r w hich th e y  u s u a l ly  a r i s e *  They u s u a l ly  
o e e u r i n  fum ing s u l f u r i c  a c id *
15* P y ro s u l fu r ic  A d d
P y ro s u l fu r ic  ac id *  HaS»0?* i s  u s u a l ly  form ed a t  h ig h  
te m p e ra tu re s  and I n  th e  absence  o f  w ater*
I n  th e  p re se n c e  o f  w a te r  p y r o s u lf u r ic  a c id  y ie ld s  
s u l f u r i c  a e id ;  and i t s  s a l t s  i n  m o is t a i r  soon form s o lu ­
t i o n s  o f  h y d ro s u lfa te *
16* S u lfu r  C h lo r id e s
I n  1782* A* Hagemaan (367) observ ed  t h a t  s u l f u r  
u n i t e s  c h e m ic a lly  w ith  c h lo r in e *  and ? •  Thompson in  1804 
(368) and A* B. B e r t h e l l e t  (369) In  1807 o b serv ed  t h a t  
s u l f u r  m om oehloride* S»C1** i s  formed* F« Donny and J*  
M areska (370) found t h a t  powdered s u l f u r  ab so rb s  c h lo r in e
a t  o rd in a ry  te m p e ra tu re s  and even a t  te m p e ra tu re s  a s  low  
a s  -9 0 °  w ith  th e  e v o lu t io n  o f  h e a t*  They a l s o  found t h a t  
th e  a b s o rp t io n  I s  f a s t e r  i f  th e  s u l f u r  be sublim ed in t o  
c h lo r in e  gas*
Four s u l f u r  e h lo r ld e s  have been r e p o r te d !  s u l f u r  
t e t r a c h l o r i d e ,  SCI*} s u l f u r  d i c h lo r i d e ,  SCI*; t r i s u l f u r  
t e t r a c h l o r i d e ,  89CI4 I and s u l f u r  m o n o ch lo rid e , S s^l**
The l a t t e r ,  s u l f u r  m o n o eh lo rid e , i s  th e  m ost common o f  
t h e  f o u r ,  s u l f u r  d i  c h lo r id e  o c c u rr in g  u s u a l ly  a t  h ig h  
te m p e ra tu re s , and th e  id e n tity  o f  th e  o th e r  two a s  d i s t i n c t  
compounds seems to  be somewhat d o u b tfu l*
A ccord ing  to  J*  J*  B e rz e l iu s  (3 7 1 ), H* Rose ($7 fi), and 
R# F« X arehand (3 7 3 ) ,  s u l f u r  m onoeh lo ride i s  produced 
by th e  a c t io n  o f  e h lo r in e  on s u l f u r ,  o r  on a  m e ta l s u l f id e  
a s  in d ic a te d  i n  th e  p a te n t  p ro c e s s  o f  th e  C onsortium  
f u r  e le k tro e h e m lsc h e  I n d u s t r i e !  o r ,  o f  s u l f u r  on a  m e ta l 
c h lo r id e  such  a s  s tan n o u s  o r  m e rc u ric  c h lo r id e *  E* L e g e le r  
(374 ) u se d  io d in e ,  i r o n ,  o r  i r o n  c h lo r id e  a s  c a ta ly s t s *
R* Weber (375) found s u l f u r  m onoeh loride a s  one o f  
th e  p ro d u c ts  o f  th e  r e a c t io n  betw een carbon  d i s u l f i d e  and 
e h lo r in e  ( b e s t  c a r r i e d  o u t i n  th e  p re sen ce  o f  io d in e  as  
a  c a t a l y s t ) t
C8 ,  ♦ 301* m CC l, ♦  8§C1|
H* G oldschm idt (376) o b se rv ed  t h a t  th e  m onoeh loride 
i s  form ed by th e  a c t io n  o f  phosphorous p e n ta c h lo r id e  on 
s u lfU r t
8* + PCI,  * PC I, + 8*01*
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and £* Baudlm ont (877) and G. C h e v rie r  (878) o b ta in e d  
i t  by th e  a c t io n  o f  phosphorus p e n ta c h lo r id e  on m e ta l 
s u l f i d e s |  by h e a t in g  th lo p h o s p h o ry l c h lo r id e  In  s e a le d  
tu b e s  t o  r e d n e s s | o r ,  by th e  a c t io n  o f  e h lo r in e  on th lo *  
p h o sp h o ry l c h lo r id e )  £»» C a r lu s  (379) by h e a t in g  th io n y l  
c h lo r id e  w ith  phosphorus s u l f i d e  j H* P r in s  (3 8 0 ) , by 
h e a t in g  th lo n y l  c h lo r id e  w ith  s u l f u r  to  180° j and A*
B esson (381) by th e  a c t io n  o f  hydrogen s u l f id e  on s u l f u r y l  
C h lo rid e*
S u lfu r  m onoeh lo ride  ap p e a rs  a s  a  y e l lo w is h - re d ,  heavy 
l i q u i d ,  w hich fumes i n  a i r ;  i t  h a s  a  d ls a g re a b le  s u f fo c a t in g  
o d o r w hich h a s  been l ik e n e d  to  se a  weed; i t s  v apo r e x c i te s  
t e a r s )  i t  a t t a c k s  th e  mucous membrane) and I t s  t a s t e  i s  
s a id  t o  be s o u r ,  h o t ,  o r  b i t t e r *
On h e a t in g  to  60° I t s  c o lo r  d a rk en s  c o n s id e ra b ly  and 
I t  can  be shown t h a t  s u l f u r  m onoeh loride u n d erg o es a 
s l i g h t  d i s s o c ia t io n  I n to  s u l f u r  d ic h lo r id e  and s u l f u r  
when h ea ted *
7* Thomson (388) observed  t h a t  th e  l iq u i d  s in k s  i n  
w a te r  and i s  s lo w ly  h y d ro ly sed  I n to  h y d ro c h lo r ic  a d d ,  
t h i o s u l f u r i c  a d d ,  and s u l f u r )  th e  t h lo s u l f u r l c  a c id  a l s o  
decom poses i n t o  s u lfu ro u s  a d d  and s u l f u r  so t h a t  th e  
i n i t i a l  and f i n a l  p ro d u c ts  a r e i
2S*C1* ♦ 3H,0 * 4HC1 4 H*60» + 38 
C* F* B ucho ls (383) and H* Bose (384) s a id  t h a t  a 
l i t t l e  s u l f u r i c  a d d  i s  formed even i f  th e  m onoeh loride
c o n ta in s  an  e x c ess  o f  s u l f u r ;  and M* J*  Fordos end 4 ,
S e l l s  (885) o b se rv e d  t h a t  a l i t t l e  p e n ta th io n le  a c id  l a  
formed* L» C a r lu s  (586) and H* L* O lln  (887) assumed t h a t  
th e  f i r s t  s ta g e  o f  th e  h y d ro ly s is  f u rn is h e s  s u l f u r  d io x id e  
and hydrogen  s u l f id e s
SfiC l ,  ♦  2H,0 * HaS + £ 0 , *  SHC1 
w hich th e n  i n t e r n e t  to  form th lo a u l f u r l e  a c id ,  e tc*  T h is  
e q u a t io n , a c c o rd in g  to  H« Debus ( 888) ,  i s  e n t i r e l y  hypo­
t h e t i c a l ;  i t  I s  n o t  su p p o rted  by ex p e rim en ts ; and i t  I s  
advanced by L* C a rlu s  ( 886) a s  an argum ent i n  f a v o r  o f  h i s  
v iew  o f  th e  c o n s t i t u t i o n  o f  th e  s u l f u r  c h lo r id e s *
S u lfu r  m onoeh lo ride  d is s o lv e s  In  an aqueous s o lu t io n  
o f  s u lfu ro u s  a e id  w ith o u t th e  p r e c i p i t a t i o n  o f  s u l f u r ,  
h u t  th e  sm a lle s  q u a n t i ty  o f  hydrogen  s u l f i d e ,  even w ith  
a  l a r g e  e x c e s s ,  p roduces an im m ediate p r e e l p i t a t e  o f  s u l ­
fu r*  th e  fo rm a tio n  o f  hydrogen s u l f id e  r e q u ir e d  by C a rlu s* s  
e q u a tio n  d o es n o t ,  th e r e f o r e ,  oecur#  He, th e r e f o r e ,  fav o red  
th e  fo rm er v iew  t h a t  w a te r  decomposes th e  m onoeh loride 
i n t o  t h l o a u l f u r l e  a c id ,  s u l f u r ,  and h y d ro c h lo r ic  ac id s  
8 8 ,C l ,  + SH,0 « B ,8 ,0 ,  + 4HC1 4* 88
B . Henmann and B* Fuchs (8 6 9 ) , how ever, c o n s id e re d  
t h a t  Lm C arlus*  a e q u a tio n  r e p r e s e n ts  th e  c o u rse  o f  th e  
r e a c t io n  w hich i s  fo llo w ed  by a su b seq u en t r e a c t io n  betw een 
th e  s u l f u r  d io x id e  and hydrogen s u lf id e *
£ • Noack (890) s a id  t h a t  th e  end p ro d u c ts  o f  th e  
r e a c t io n  a r e  th e  same as  i n  th e  r e a c t io n  betw een s u lfu ro u s  
a d d  and hydrogen  s u l f i d e ;  a s l i g h t  d i f f e r e n c e  i n  th e
amount o f  s u l f u r i c  a e id  produced i n  th e  ab sen ce  o f  a i r  
I s  a t t r i b u t e d  to  th e  o x id is in g  a c t io n  o f  a sm a ll q u a n t i ty  
o f  a h ig h e r  s u l f u r  c h lo r id e *
Xt I s  assum ed t h a t  th e  f i r s t  s ta g e s  o f  th e  r e a c t io n  
can  be r e p r e s e n te d  byi
8*Cl* + 2H,0 « S»(0H)a + 8HC1
S|(0 H)| t- h*s ♦ so,
and th e  p re se n c e  o f  s u l f u r  d io x id e  and hydrogen  s u l f id e  
can  be dem o n stra ted *  A ttem pts t o  p re p a re  th e  assumed i n t e r *  
m e d ia te  compound, H ,S ,0 , ,  how ever, by th e  a c t io n  o f  hydro* 
gen  s u l f i d e  on s u l f u r  d io x id e  i n  th e  absence  o f  w a te r , 
e*g* i n  a lc o h o l ic  s o lu t io n  o r  by p a s s in g  hydrogen  s u l f id e  
I n to  l i q u i d  s u l f u r  d io x id e ,  f a i le d *  The r e a c t io n  un d er 
su ch  c o n d i t io n s  p ro ceed s  th u s
£H*S ♦ 80s * 2H»0 + 88 
P* H a u te f e u l l le  (391) found t h a t  h y d r lo d le  a c id  a c t s  
w ith  s u l f u r  m onoeh lo ride a t  o rd in a ry  te m p e ra tu re s  form ing 
h y d ro c h lo r ic  a c id ,  io d in e ,  s u l f u r  io d id e ,  and hydrogen 
s u lf id e *
T* T h o m s (392)  s a id  t h a t  n i t r i c  a d d  c o n v e rts  th e  
d i  c h lo r id e  i n to  h y d ro c h lo r ic  and s u l f u r i c  a d d s  w ith  
v io l e n t  ev e rv escen ce#
C* Lowlg (393) and M* M« P* M uir (394) observed  t h a t  
n i t r i c  a d d  a t t a c k s  th e  monobromide v io l e n t ly  form ing 
hydrobrom ic and s u l f u r i c  a c id s*
9* K o m d o rfe r  (395) r e p re s e n te d  th e  r e a c t io n  w ith  a
90
s o lu t io n  o f  p o ta ss iu m  h y d ro x id e  i
2SaBra ♦ 6K0H * 4£Br ♦ KaSQa ♦ 3S + 3HaQ
H. Bose (396) found t h a t  hydrogen  s u l f id e  r e a c t s  
w ith  s u l f u r  m o n o ch lo rid e i
SaC la ♦  HgS »  38 ♦  2HC1
17• T h io n y l C h lo r id e
A p re l im in a ry  su rv ey  in d ic a t e s  t h a t  th e  o c c u rre n c e  
sa d  r e a c t io n s  o f  th io n y l  c h lo r id e ,  S0Cla , e l im in a te  i t  from 
c o n s id e r a t io n  i n  t h i s  work* I t  i s  u s u a l ly  formed by th e  
a c t io n  o f  s u l f u r  d io x id e  on phosphorous p e n ta c h lo r id e  and 
i s  decomposed by w a te r .
16* S u l f u r y l  C h lo rid e
S u lf u r y l  c h lo r id e ,  80aC la ,  i s  u s u a l ly  form ed by 
th e  a e t lo n  o f  s u l f u r  d io x id e  on e h lo r in e  i n  th e  p re sen ce  
o f  a  c a t a l y s t .  I t  i s  decomposed by w ater#
19# Pyro s u l f u r y l  C h lo rid e
P y ro s u l fu r y l  c h lo r id e ,  SaOaC la ,  i s  form ed by th e  
a c t io n  o f  s u l f u r  m onoeh loride on s u l f u r  t r io x id e #  W ater 
decomposes I t  i n t o  s u l f u r i c  and h y d ro c h lo r ic  a c id s#
80# C h lo ro su lfo n ic  A d d
C h lo ro s u lfo n lc  a e id ,  ClHS0a ,  may be p rep a re d  by th e  
i n t e r a c t i o n  o f  d ry  hydrogen c h lo r id e  and s u l f u r  t r i o x i d e ,
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t a t  I s  decomposed by w a te r  y ie ld in g  s u l f u r i c  and h y d ro c h lo r ic  
a c id s*
£ 1 . Hypo c h lo ro u s  A d d
A* A* Jakow kln  (397) g iv e s  th e  fo llo w in g  e q u a tio n  
a s  r e p r e s e n t in g  th e  e q u il ib r iu m  betw een c h lo r in e  and w a te r i  
Cl* + BftO ^  HC1 ♦  H0C1 
The p re se n c e  o f  h y d ro e h lo r lc  and hy p o ch lo ro u s a d d s  have 
b o th  been  e s ta b l i s h e d  and i t  h a s  a l s o  been shown t h a t  
i n  th e  e q u i l ib r iu m  th e  amounts o f  th e  a e ld s  i s  ex trem ely  
sm all*
I t  i s  a rg u ed  t h a t  an aqueous s o lu t io n  o f  h y p o ch lo rous 
a d d  c o n ta in s  th e  two e q u i l i b r i a !
H0C1 ^  H+ ♦  OCl"
SH0C1 ^  C 1 ,0  + B ,0  
t a t  an  ap p ro x im a te ly  0*8  N s o lu t io n  c o n ta in s  o n ly  ab o u t 
0 *02Jf e h lo r in e  monoxide*
The r e a c t io n  o f  c h lo r in e  w ith  an aqueous s o lu t io n  o f  
b a se  i s  r e p re s e n te d  a s  fo llow s*
Cl* ♦ 2KQH ^  KC1 ♦ K0C1 ♦ H,0  
As long  a s  th e  s o lu t io n  c o n ta in s  a  s l i g h t  eateess o f  
a l k a l i  h y d ro x id e  th e  s o lu t io n  i s  f a i r l y  s t a b l e ,  b u t i n  
a d d  s o lu t io n s  we have f r e e  h y p o ch lo rous a e id  which i s  
u n s ta b le *  decom posing a s  fo llo w s*
3H0C1 *  HClOa ♦ 2HC1 
D ecom position  to  c h lo r a te  o cc u rs  to  some d eg ree  even 
i n  b a s ic  s o lu t io n *  t a t  i s  v e ry  slow  a t  room tem p era tu re*
9®
Heavy m e ta l h y p o c h lo r i a t  © s a r e  so e a s i l y  h y d ro ly sed  
by w a te r  t h a t  h y p o ch lo ro u s a c id  may be o b ta in e d  by m ere ly  
d i s t i l l i n g  a s o lu t io n  o f  th e  h y p o c h lo r ite #
? •  T* A usten  (398) l i b e r a t e d  hyp o ch lo ro u s a e id  from 
b le a c h in g  powder by t r e a t i n g  i t  w ith  sodium b ic a rb o n a te *
A* Wohl and H* S ch w e itze r  (399) o b ta in e d  h y p o ch lo rous 
a e id  by th e  a c t io n  o f  c h lo r in e  on a s o lu t io n  o f  sodium 
b ic a rb o n a te *
I*  B hadurl (400) found t h a t  th e  d eco m p o sitio n  o f  
sodium h y p o c h lo r i te  by h e a t  i s  a b im o le e u la r  r e a c t io n  a t  
low te m p e ra tu re s )
SS&0C1 «  ENaCl 4 0 ,  
and a  s l i g h t  s id e  re a c tio n *
SHaOCl * JEHaCl 4 NaCIO*
At h ig h e r  te m p e ra tu re s  th e  l a t t e r  i s  th e  main re a c tio n *
A ccord ing  to  J*  Thomsen (401) th e  h e a t  o f  n eu tra lize* *
t lo n s
N&OH 4  H0C1 *  HaOCl 4* H*0 
l e  9*98 C a lo r ie s *
H ypochlorous a d d  i s  so f e e b le  I n  s t r e n g th  t h a t  th e  
carbon  d io x id e  o f  th e  a i r  i s  s u f f i c i e n t  to  d is p la c e  th e  
a d d  from h y p o c h lo r i te s  form ing c a rb o n a te s , e .g .  P . T« 
A usten  (409) found t h a t  a s o lu t io n  o f  b le a c h in g  powder 
l i b e r a t e s  th e  f r e e  a d d  when t r e a te d  w ith  sodium hydrogen 
c a rb o n a te , NaHCO*; and barium  ca rb o n a te  i s  p r e c ip i t a t e d  
from  a s o lu t io n  o f  barium  h y p o c h lo r i te ,  and hyp o ch lo ro u s 
a c id  rem ains i n  s o lu t io n *  W ith an aqueous s o lu t io n  o f
ca lc iu m  h y p o c h lo r i te ,  ca lc iu m  c a rb o n a te  i s  s im i la r ly  
p r e c i p i t a t e d ;  c h lo r in e  g as  i s  a l s o  evo lved  and some 
ca lc iu m  c h lo r id e  rem ains i n  s o lu t io n *
A ccord ing  t o  C* F* S chonbein  (402) hydrogen  p e ro x id e  
re d u c e s  th e  h y p o c h lo r i te s  g iv in g  o f f  a  volume o f  oxygen 
e q u a l t o  tw ic e  t h a t  c o n ta in e d  i n  th e  h y p o c h lo r i te s  
K0C1 4 Ha0 a * KC1 4 Ha0 4 0 a 
and G* Lunge (404) h as  u sed  t h i s  a s  a  q u a n t i t a t i v e  method 
f o r  th e  e v a lu a t io n  o f  h y p o c h lo r ite s *
When t r e a t e d  w ith  s u l f u r ,  hyp o eh lo ro u s a d d ,  o r  hypo** 
c h l o r i t e s  f u r n i s h  s u l f u r  c h lo r id e ,  c h lo r in e  and s u l f u r i c  
a c id ;  s u l f u r  d io x id e  g iv e s  s u l f u r i c  a d d  and c h lo r in e ;  
hydrogen  s u l f i d e  n o t  i n  e x c e ss  g iv e s  s u l f u r i c  a c id  and 
f r e e  c h lo r in e *
F* D ie n e r t  and F . W andenbuleke (405) found t h a t  i n  
d i l u t e  s o lu t io n  sodium t h i o s u l f a t e  and h y p o c h lo r i te  r e a c t !
2ffaaSa0 a 4 5C la 4 5Ha0 •  NaaS04 4 8HC1 4 Ha604 4 HaaS40a
4 2WaCl
o r ,
5RaOCl 4 2RaaSa0 a 4 5Ha0 * 2NaaS04 4 Na*S404 4 5NaCl 4 5Ha0 
b u t i n  th e  p re se n c e  o f  a d d s ,  o r  even sodium hydrogen 
c a rb o n a te , l e s s  t h i o s u l f a t e  i s  u sed !
NaaSa0 a 4 4C la 4 5Ha0 * 2NaH804 4 8HG1 
G oldschm idt (406) i n  a  s tu d y  o f  th e  cause o f  th e  
g r e a t e r  o x id is in g  power o f  h y p o c h lo r i te  i n  a d d  s o lu t io n  
o v e r  t h a t  i n  b a s ic  s o lu t io n  came to  th e  c o n c lu s io n  t h a t  
i t  was due to  th e  p re se n ce  o f  c h lo r in e  monoxide i n  th e
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s o lu t io n *  He was a b le  t o  prove th e  p re se n ce  o f  c h lo r in e  
monoxide I n  aqueous s o lu t io n s  o f  hyp o ch lo ro u s a c id  by 
e x t r a c t io n  w ith  ca rb o n  t e t r a c h lo r id e *  From M s  r e s u l t s  he 
g iv e ?  th e  e q u i l ib r iu m  c o n s ta n t  f o r  th e  r e a c t io n !
fiHOCl ^  C1B0 4  H*0 
a s  3*6 x  10^ *
Rem ington and T rim b le  (407) have shown by p o te n t io m e tr le  
m easurem ent t h a t  th e  o x id a t io n  p o te n t i a l s  o f  s o lu t io n s  o f  
h y p o c h lo r i te  v a r ie d  w ith  th e  pH o f  th e  s o lu t io n ,  th e  
g r e a t e r  th e  a c i d i t y  th e  g r e a t e r  th e  o x id a t io n  p o te n t i a l  
and hence th e  g r e a t e r  th e  o x id is in g  power#
C h lo r in e  m onoxide and s u l f u r  in  th e  d ry  s t a t e  r e a c t  
v io l e n t l y  w ith  th e  fo rm a tio n  o f  s u l f u r  m onoch loride and 
s u l f u r  d io x id e *
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SUMMARY OF THE LITERATURE 
X* O x id a tio n  o f  S u lf id e s  l a  S o lu tio n
(1 )  The o x id a t io n  o f  hydrogen s u l f id e  r e s u l t s  In  th e  
fo rm a tio n  o f  s u l f u r ,  s u l f u r i c  a c id ,  o r  a  m ix tu re  o f  th e  
two# Ho o th e r  p ro d u c t h a s  been shown to  r e s u l t  e i t h e r
a s  an  in te rm e d ia te  o r  f i n a l  p ro d u c t e x c ep t i n  th e  s p e c i f i c  
in s ta n c e  o f  th e  r e a c t io n  betw een hydrogen s u l f i d e  and 
s u l f u r  d io x id e ,  i n  w hich c a se  p o ly th lo n lc  a d d s  may be 
shown to  e x i s t  a s  in te rm e d ia te  p roducts#  However, th e  
fo rm a tio n  o f  p o ly th lo n lc  a c id s  I s  n o t  u s u a l ly  ch a ra c ­
t e r i s t i c  o f  o x id a t io n  p ro c e s s e s ,  b u t r a th e r  due to  th e  
p re se n ce  o f  s u lfu ro u s  a e ld  and n a s c e n t  s u lfu r#  We may 
s t a t e  r a t h e r  d e f i n i t e l y ,  th e r e f o r e ,  t h a t  th e  o x id a tio n  o f  
hydrogen s u l f i d e  w i l l  r e s u l t  o n ly  i n  th e  fo rm a tio n  o f  
s u l f u r ,  s u l f u r i c  a c id ,  o r  a  m ix tu re  o f  th e s e  two#
(2 ) Sodium s u l f id e  and sodium h y d ro s u lf id e  y ie ld  th e  
fo llo w in g  p ro d u c ts i  S , Na*Sx ,  Na»S04 ,  Na*SaO», Ha«SOa ,  
and in  some c a se s  p o ly th lo n a te s  where th e  a l k a l i n i t y  i s  
lim ite d #
(S) The c h i e f  d i f f e r e n c e  i n  th e  o x id a tio n  o f  hydrogen 
s u l f id e  and sodium s u l f id e  l i e s  in  th e  fo rm a tio n  o f  
t h i o s u l f a t e  and p o ly th lo n a te s#  T h is i s  no doub t due to  th e  
f a r  g r e a t e r  s t a b i l i t y  o f  t h io s u l f a t e  i n  b a s ic  so lu tio n #  
S l ig h t l y  a c id  w a te r  such a s  t h a t  produced by th e  s o lu t io n  
o f  carbon  d io x id e  o f  th e  a i r  i n  w ate r p o sse se s  s u f f i c i e n t  
a c i d i t y  t o  cau se  th e  d ecom position  o f  sodium th io s u l f a te #
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G re a te r  a c i d i t i e s  cau se  r a p id  to  im m ediate decom position*  
The ap p earan ce  o f  p o ly th lo n a te s  u s u a l ly  r e q u i r e s  th e  
i n i t i a l  p re se n c e  o f  t h i o s u l f a t e  o r  s u lfu ro u s  a c id  and 
n a s c e n t  s u l f u r ;  h e n c e , t h e i r  ab sence  i n  a d d  so lu t io n *
(4 ) I n  g e n e ra l  hydrogen s u l f i d e  a p p e a ts  to  be more e a s i l y  
o x id is e d  th a n  a l k a l i  s u lf id e s *
(5 ) The u l t im a te  o x id a tio n  p ro d u c t o f  e i t h e r  hydrogen 
s u l f i d e  o r  sodium s u l f id e  i s  s u l f u r i c  a c id  r e g a r d le s s  
o f  th e  in te rm e d ia te  p ro d u c ts  o f  th e  re a o tlo n *  Under th e  
p ro p e r  c o n d i t io n s  any o f  th e  o th e r  p ro d u c ts  o f  th e  o x id a -  
t io n  o f  s u l f i d e  can  be u l t im a te ly  c o n v e rted  to  s u lf a te *
(6 ) I n  b a s ic  s o lu t io n  th e  h y d ro x y l io n  h as  been shown to  
be an  Im p o rta n t r e a c tQ ^ t,  whose im p o rta n ce , o f  c o u rs e , 
in c r e a s e s  w ith  i t s  c o n c e n tra tio n *  I t s  a c t io n  i s  u s u a l ly  
secondary*
(? )  V ery v;eak o x id a n ts  ( o e r t a ln  o rg a n ic  o x id a n ts ,  e*g* 
sodium m * n itro b c n e e a e ~ su lfo n a te )  o r  slow  a c t in g  o x id a n ts  
such  a s  a tm o sp h e ric  oxygen a llo w  a more tho rough  i n v e s t i ­
g a t io n  o f  th e  a c tu a l  mechanism o f  th e  r e a c t io n  th ro u g h  
th e  i d e n t i f i c a t i o n  o f  in te rm e d ia te  p ro d u c ts*
( 8 ) A s tu d y  o f  such r e a c t io n s  seems to  i n d ic a t e  t h a t  s u l f u r  
I s  th e  m ost p ro b a b le  prim ary  o x id a tio n  p ro d u c t o f  s u lf id e *
I n  a d d  s o lu t io n  t h i s  may be th e  o n ly  p ro d u c t i n  th e  c a se  
o f  weak o x id a n ts ,  b u t i f  a s tro n g e r  o x id a n t i s  p r e s e n t ,  we 
may have a  p a r t i a l  o r  com plete secondary  o x id a tio n  o f  th e  
s u l f u r  to  s u l f a te *  I n  b a s ic  s o lu t io n ,  i n  a d d i t io n  to  th e  
above p o s s i b i l i t i e s ,  we have th e  p o s s i b i l i t y  o f  th e  r e a c t io n
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o f  s u l f u r  w ith  th e  h y d ro x y l Ion*
(9 )  I n  v e ry  r a p id  r e a c t io n s  th e r e  i s  no p o s s i b i l i t y  o f  
t r a c in g  th e  e x a c t mechanism o f  th e  r e a c t io n  e x p e r im e n ta lly , 
b u t  we may p o s tu l a t e  mechanisms by an a lo g y  w ith  slow  
r e a c t io n s *  From q u a n ta t iv e  in fo rm a tio n  a s  to  c o n c e n tra t io n s  
o f  r e a c ta n t s  and p ro d u c ts  we may be a b le  to  l i m i t  th e  
p o s s ib le  mechanisms*
(1 0 ) The mechanism o f  th e  r e a c t io n  depends upon th e  a c id i t y  
o r  b a s i c i t y  o r  more g e n e ra l ly  th e  pH o f  th e  s o lu tio n *
(11 ) The e x te n t  o f  o x id a tio n  depends fu n d am en ta lly  upon
th e  s t r e n g th  o f  th e  o x id a n t ,  th e  s p e c i f i c i t y  o f  th e  o x id a n t ,  
and s e c o n d a r i ly  upon th e  tem p era tu re*
(IS )  The s tu d y  o f  th e  o x id a tio n  o f  s u l f id e s  i n  a d d  
s o lu t io n s  i s  a  s im p le r  problem  th a n  th e  co rre sp o n d in g  
s tu d y  o f  o x id a t io n  i n  b a s ic  s o lu t io n s ,  e x c ep t where th e  
o x id a n t i s  I t s e l f  in f lu e n c e d  by th e  hydrogen io n  c o n c e n tra tio n *
R e a c tio n s  o f  s u l f id e s  i n  s o lu t io n
S u lf id e
H.S
R eagent
P ro d u c ts  




SaHS A ir 8
H*S H#0a 8
H80
H| 6 H*0fe ( b a s is ) Ha*SO*























Aqua R egia 
KNO,
a i r
E l e c t r o l y s l i
KNO,
8
N a,6x  





























N a ,S ,0 ,
N a,804
N a,S 04















n i tro b e n z e n e






c o ld  S
N&aS04 
Nft|6*0| 
h o t Na*S04
S
NaOH
P o ly th lo n lc













S . S u lfu r
(1 ) A t norm al te m p e ra tu re s , ex c ep t i n  a few s p e c i f i c  c a s e s ,  
s u l f u r  ap p e a rs  to  be r a th e r  r e s i s t a n t  to o x id a tio n  b o th  by 
weak o x id a n ts  and s tro n g  o x id a n ts*
(S) I n  th e  absence  o f  m o is tu re  th e  u s u a l  p ro d u c t i s  s u l f u r  
d io x id e*
(3 ) I n  th e  p re sen ce  o f  m o is tu re  and when o x id iz e d  by slow  
o x id a n ts  th e  o n ly  p ro d u c t i s  s u l f u r i c  ac id*  S u lfu ro u s  a c id  
i s  p ro b ab ly  an in te rm e d ia te  p ro d u c t,  b u t i t s  o x id a tio n  to  
s u l f a t e  i s  a p p a re n t ly  more r a p id  th a n  th e  i n i t i a l  o x id a tio n
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o f  th e  s u l f u r  s in c e  I t  can n o t be I s o la te d *
(4 )  l a  r a p id  o x id a t io n s ,  such  a s  w ith  p o tassium  d ic h ro rn a te , 
s u l f i t e  may ap p e a r  a lo n g  w ith  s u l f a t e  i n  th e  f i n a l  m ix tu re*
(5 )  th e  m otion  o f  io d io  a e id  on c o l l o i d a l  s u l f u r  y ie ld in g  
s u l f i t e ,  and f i n a l l y  s u l f a t e  d e se rv e s  p a r t i c u l a r  no te*
(e )  S u lfu r  i s  r e a d i ly  a t ta c k e d  by hy p o ch lo ro u s a e id  y ie ld in g  
s u l f u r  n o n o o h lo rld e  and s u l f u r i c  ac id *
(7 )  S u lfu r  a p p e a rs  to  be more r a p id ly  a t ta c k e d  by s o lu t io n s  
o f  s tro n g  b a se s  th a n  i t  i s  by o x id is in g  ag en ts*
(8 ) I n  g e n e ra l  th e  r a t e  o f  th e  r e a c t io n  i s  a  fu n c t io n  o f  
th e  s u r fa e e  o f  th e  s u l f u r  exposed*
R eagent
A ir
A ir  and




X o ls tu re
H*0
C h lo ra te s
B rom ates
X odates
P e r c h lo r a te s
P e r io d a te s
R e a c tio n s  o f  S u lfu r
P ro d u c ts  












V ery slow  
a
V ery slow
* t  95®
Slow a t  ISO® 
«
*
Ho A c tio n  
Ho A c tio n
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R eagen t
I o d ic  A eid 
(On C o l lo id a l  
S n iffer)
BSD,
A lk a l i  Hydrox- 
id e s (F u s e d )








No A c tio n
H,S04
R ate
F a s t
No A c tio n
N t|S «
N a,S ?0 ,
N a,S 0 ,
Na,S04
Na,Sj|D ,
s , s o ,
k , so4
F a s t
F a s t
M oderate
Qeponds upon 
te m p e ra tu re
No A c tio n
3* S u lfu ro u s  A eid
(1 ) S u lfu ro u s  a e id  i s  produced toy th e  a c t io n  o f  c o n c e n tra te d  
a c id s  on s u l f i t e s ,  t h i o s u l f a t e ,  and a l l  p o ly th lo n lc  a c id s*
I t  probatoly a l s o  o c c u rs  a s  an  In te rm e d ia te  p ro d u c t i n  th e  
o x id a t io n  o f  s u l f u r  to  s u l f u r i c  a d d  i n  aqueous s o lu t io n ,
(2 ) I n  g e n e ra l  s u lfu ro u s  a c id  i s  ox idfcised  to  s u l f u r i c  a d d  
and in  th e  same way s u l f i t e s  to  s u l f a t e s  under th e  In f lu e n c e  
o f  s tro n g  o x id is in g  a g e n ts ,
(3 ) When t r e a t e d  w ith  weak o x id is in g  a g e n ts  p o ly th lo n lc  
a d d s  may a r is e *
(4 )  C h lo r in e  and brom ine o x id is e  th e  a c id  to  s u l f u r i c  a c id ,
( 5) The s a l t s  o r  s u l f i t e s  ap p ear to  toe more e a s i l y  o x id is e d  
tha&  th e  f r e e  a d d *
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(6 )  I n  th e  p re se n c e  o f  s u l f u r ,  p r e f e r a b ly  n a s c e n t s u l f u r ,  
sodium t h i o s u l f a t e  may be formed*
(? )  th e  a c t io n  o f  hydrogen  s u l f i d e  on s u lfu ro u s  a c id  g iv e s  
r i s e  to  th e  v e ry  eom ples m ix tu re  known a s  W aokenroder9* 
l i q u i d ,  w hich w i l l  be d is c u s s e d  u n d er th e  p o ly th lo n lc  ac id s*  
H ost o f  th e  p o ly th lo n lc  a c id s ,  a s  w e ll  a s  s u l f u r  and th io *  
s u l f u r i c  a d d  have been shown to  e x i s t  i n  t h i s  l iq u id *
Compound
H*eS*0*
P o ly th lo n lc
A d d s
(mu).s»o,
Ha80«
S u lfu ro u s  A d d  




E le c t r o ly s i s
E le c t r o l y t i c
R ed u ctio n
P ro d u c ts  




B. R e a c tio n s
R eagent
E l e c t r o ly t i c
O x id a tio n
A ir
E l e c t r o ly t i c  R ed u c tio n
P ro d u c ts  
In te rm e d ia te  F in a l
H,8Q4





A u to x ld a tlo n HbS*0»
P o ly th lo n lc
























Ho a c t io n
'4
























4* S u l f u r ic  Aeid
S u l f u r ic  a e id  o ccu rs  as  th e  f i n a l  o x id a tio n  p ro d u c t 
o f  v a r io u s  s u l f u r  compounds, and i t  ap p ears  t h a t ,  one* 
fo rm ed , i t s  f u r t h e r  r e a c t io n  i s  h ig h ly  im probable*
S u lfu r ic  A eid
A* O ccurrence  i n  R e a c tio n s
Compound
SO,










E le c tro ­
o x id a t io n
P ro d u c ts  







(F o r f u r th e r  o c c u rre n c e  see  u n d er in d iv id u a l  compounds)





C o n d itio n s  
Cone* H3SO4 
H ea ted , 200° 
Cone* HaS04
5* T h io s u lfu r ic  A cid
P ro d u c ts  
In te rm e d ia te  F in a l





( 1 ) T h io s u lf a te s  may r e s u l t  from th e  a c t io n  o f  b ases  on 
s u l f u r ,  s u l f i d e s  on s u lfu ro u s  a c id ,  s u l f u r  on sodium s u l ­
f i t e ,  a tm o sp h e ric  o r  e l e c t r o l y t i c  o x id a tio n  o f  s u l f id e s  
o r  p o ly s u l f id e s ,  and f i n a l l y  by th e  d ecom position  o f  t r i ~ ,  
t e t r a - ,  and p e n ta th io n a te s *
(2 )  T h io s u l f u r ic  a c id  and th e  t h i o s u l f a t e s  a r e  c o m p a ra tiv e ly
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e a s i l y  o x id is e d *  S tro n g  o x id a n ts  y ie ld  s u l f a t e ;  weak oxl~  
d a n ts  y i e l d  t e t r a th lo n a te *  Osone s p e c i f i c a l l y  y ie ld s  a  
m ix tu re  o f  s u l f a t e  and d i th lo n a te *
(3 ) th e  r e a c t io n  betw een t h i o s u l f a t e  and s u lfu ro u s  a d d  
y i e ld s  a  m ix tu re  o f  t r l « ,  t e t r a ,  and p e n ta th lo n a te *
(4 )  The r e a c t io n  betw een hydrogen  s u l f id e  and th lo s u l f u r o u s  
a d d  y ie ld s  s u l f u r  and w ater*
(5 ) t h i o s u l f a t e s  a r e  u n s ta b le  i n  a d d  s o lu t io n  y ie ld in g  
s u l f u r  and s u lfu ro u s  ac id*
T h io s u lfu r ic  a d d
























E le c t r o l y t i c
A ir
Na.SO, 4  Z
H y d ro ly s is
P ro d u c ts  



















B* R eac tio n *
R eagent
KOH ♦  0 ,  
A d d a
0 ,
8 . 0 .
P ro d u c ts
In te rm e d ia te







Aqua R eg ie
H .8 .0 .
N a.S .O .
N a.S .O .






H .6 .0 .
Na.SO.
H a.S .04  









6 * S u lfo x y l le  A d d
(1 ) S u lfo x y l ie  a c id ,  c o n s id e re d  a s  th e  p a re n t  su b s tan ce  
o f  o rg a n ic  s u l f o x y la te s  and s u l f i n a t e a ,  l a  e n t i r e l y  a 
h y p o th e l ta a l  compound which h as  n ev e r been is o la te d *
Any p o s tu l a t e s ,  th e r e f o r e ,  a s  to  i t s  r e a c t io n s  and 
o c c u rre n c e  a r e  la c k in g  in  e x p e rim e n ta l p ro o f , and can 
be a r r iv e d  a t  o n ly  by ana lo g y  and a c o n s id e ra t io n  o f  
th e  law s o f  k in e t ic s *
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(g ) From a  c o n s id e r a t io n  o f  I t s  mode o f  p r e p a ra t io n  and 
g e n e ra l  i n s t a b i l i t y ,  i t  i s  th e  o p in io n  o f  th e  a u th o r  
t h a t  i t  may be e l im in a te d  a s  a  f a c to r  i n  t h i s  work*
( l )  Hypo s u lfu ro u s  a e id  u s u a l ly  a r i s e s  from th e  re d u c t io n  
o f  s u lfu ro u s  a d d  w ith  weak red u c in g  ag e n ts*
(g ) T h is  r e d u c t io n  may be e f f e c te d  by hydrogen s u l f id e  
and sodium s u l f i d e .
(8 ) The a d d  i s  v e ry  u n s ta b le  deeom poslng in t o  t h i o s u l f a t e  
and s u l f i t e *
t4 )  The h y p o s u l f l te s  a r e  r e a d i ly  o x id is e d ,  th e  p r in c ip l e  
o x id a tio n  p ro d u c t b e in g  s u l f a t e  even w ith  weak o x id a n ts*  
S u l f i t e  may be form ed w ith  ex trem ely  m ild  o x id an ts*
(5 ) The a c id  o r  i t s  s a l t s  do n o t  r e a c t  w ith  s u l f u r  o r  
s u l f id e s  b u t w i l l  r e a c t  v ig o ro u s ly  w ith  th e  p o ly s u l f id e s  
to  form  th io s u l f a te *
7* H yposu lfu rous A d d
Hypo s u lfu ro u s  A d d  





Fe <Ht ) 
E le c t r o ly s i s
P ro d u c ts  


























B* R e a c tio n s
P ro d u c ts  
I n te rm e d ia te  F in a l





N a.S .O .
Na.SO.
K.SO.
No A c tio n  
No A c tio n
NaS«S0*0H
NaS*S0.*0H
N a.S .O .
Na.SO.
Na.S
th e  P o ly th lo n lc  A cids
(1 ) th e  p o ly th lo n lc  a c id s  a r e  formed when s u l f u r  d io x id e*  
w ater*  and s u l f u r  s t a t u  ftascjanffi r e a c t  w ith  one a n o th e r  
u n d er d i f f e r e n t  c o n d itio n s*
(2 ) th e s e  a c id s  h a re  been s tu d ie d  in  co n n e c tio n  w ith  
W ackenroder1s l i q u i d  (a  s o lu t io n  r e s u l t i n g  from th e  a c t io n  
o f  hydrogen  s u l f i d e  on s u lfu ro u s  a c id )*
(8 ) T h is  l i q u i d  h a s  been shown to  c o n ta in  th e  fo llo w in g !
1* S u lfu r  I n  su sp en s io n
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£♦ C o l lo id a l  s u l f u r  
S . S u l f u r ic  A eid 
4* T r i th io n ie  A eid 
5* T e t r a th io n ie  A eid 
6* P e n ta th io n ie  A eid 
7 .  H ex a th io n ie  A eid (? )
(4 ) th e  o c c u rre n c e  o f  th e  above i s  e x p la in e d  as  fo llo w ss  
When hydrogen  s u l f i d e  i s  p assed  in to  s u lfu ro u s  a e id  
m ost o f  th e  hydrogen  s u l f i d e  r e a c t s  w ith  th e  s u lfu ro u s  
a e id  form ing  t e t r a t h i o n i e  ae id *  S u lfu ro u s  a e id  th e n  a c t s  
on t e t r a t h i o n i e  a e id  g iv in g  t r i t h i o n i e  and s u l f u r l e  a c id s*  
The t h i o s u l f u r i c  a d d  r e a c t s  w ith  th e  te t r a th io n & te  to  
g iv e  p e n ta th io n ie  a d d *  Now* i f  hydrogen s u l f id e  be p assed  
i n  i n  ex e e ss  i t  r e a c t s  w ith  t e t r a t h i o n i e  a d d  form ing 
w a te r and s u l f u r .  T h is  s u l f u r  £& f tta tp  nftacendJL co n v e rts  
t r i t h i o n i e  i n t o  t e t r a t h i o n i e  a d d ;  t e t r a t h i o n i e  in to  
p e n ta th io n ie  a d d ;  and p e n ta th io n ie  i n t o  h e x a th io n ie  a d d *  
Some o f  th e  s u l f u r  produced rem ains i n  s o lu t io n  as  co l*  
l o i d a l  s u l f u r  and p a r t  s e p a r a te s  a s  a suspension*  The 
ap p earan ce  o f  s u l f u r i c  a d d  i n  th e  s o lu t io n  i s  th o u g h t
to  be due to  a tm o sp h eric  o x id a t io n  o f  s u lfu ro u s  ac id*
(5 ) I n  a l k a l i n e  s o lu t io n s  a l l  th e  p o ly th lo n a te s  ex cep t 
d i t h l o n l c  decompose q u ic k ly  i n to  t h io s u l f a t e  and s u l f i t e *
8* D lth lo n ie  A d d
0 )  D ith lo n lc  a d d  o r  d i th lo n a te s  u s u a l ly  r e s u l t  from
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t h e  o x id a t io n  o f  e i t h e r  s u lfu ro u s  a e id  o r  sodium t h i o -  
s u l f a t e  w ith  v e ry  weak o x id a n ts  such a s  th e  h y d ro x id es  
o f  th e  t e r v a l e n t  i r o n  fam ily*
(£} Once form ed th e  d l th lo n a te s  a r e  c o m p a ra tiv e ly  s ta b le *  
th e y  a r e  n o t  o x id is e d  by hyp o eh lo ro u s a c id ,  and do n o t  
r e s e t  w ith  e i t h e r  h y d ro sen  s u l f i d e  o r  s u lfu ro u s  ae id*  
th e y  a r e  n o t  decomposed by sodium hydrox ide*
D ith lo n lc  A eid 
A* O ccu rrence  i n  R e ac tio n s
P ro d u c ts
Compound R eagen t In te rm e d ia te F in a l
H*S0* MnO* mm Ht®s0e
B |8 0 | Fe(OH)* mm H4Ba04
H*S0* U n 0 4
a c id ic
HaS*0e
h*so9 E l e c t r o l y t i c
O x id a tio n
HaSa04
Ia* S s0» H*Q*
N e u tra l
I a | S | 0 | KMnO*
a c id ic
mm H»S*0#
I a ,S » 0 4 M n04
a c id ic
— HaSa0a
S |8 0 | H80 t mm H*Sa0e
HaS04
B« R e ac tio n s
P ro d u c ts
R eagent In te rm e d ia te  F in a l
Maa0a —  Wa*S04 (alow )








No A ctio n
No A c tio n
No A c tio n
9* T r i th io n ie  A eid
(1 ) T r i t h io n i e  a d d  and th e  t r l t h l o n a t e s  can  a r i s e  from 
a number o f  r e a c t io n s  in v o lv in g  a s  p a re n t su b s ta n c e s  
b i s u l f i t e ,  t h i o s u l f a t e ,  s u l f i d e ,  and p o ly s u lf id e *  T h e ir  
o cc u rren c e  i n  r e a c t io n s  i s  u s u a l ly  accom panied by th e  
p re se n ce  o f  o th e r  p o ly th lo n a te s *
(S ) The a d d  s lo v ly  decomposes a t  o rd in a ry  te m p e ra tu re s  
d t h  th e  s e p a r a t io n  o f  s u l f u r ,  th e  e v o lu tio n  o f  s u l f u r  
d io x id e ,  and th e  fo rm a tio n  o f  s u l f u r i c  a d d *
(3 ) I t  i s  more s t a b le  i n  a d d  s o lu t io n  b u t undergoes 
h y d ro ly s is  i n  a d d ,  n e u t r a l ,  and a lk a l in e  so lu tio n *
(4 ) I t  i s  o x id iz e d  by c h lo r in e  to  s u l f a te *
(5 ) W ith s u l f u r  i t  form s t e t r a -  and p e n ta th io n a te *
(« ) I t  r e a c t s  w ith  p o tassiu m  s u l f id e  to  form t h i o s u l f a t e ,  
b u t i t  does n o t  r e a c t  w ith  hydrogen s u lf id e *
(7 ) W ith s u l f u r  d io x id e  i t  form s t e t r a -  and p e n ta th io n a te *
(8 ) The r e a c t io n  w ith  t h i o s u l f a t e  y ie ld s  t e t r a -  and p e n ta ­
th io n a te *
T r i th io n ie  A d d





P ro d u c ts  
In te rm e d ia te  F in a l
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P ro d u c ts
Compound R eagent In te rm e d ia te
K#SaOa S0a
Ks S and 
KHSOa
moCO mm
» a aSaOa S0a mm
8 a aS0a and 
HaaSaOa
X mm
9 a aSa0 a
o - io #




B. R e a c tio n s
R eagent
P ro d u e ts  
In te rm e d ia te  P in a l




H y d ro ly s is
n e u t r a l
mm HsS04
HaSaOa
R y d ro ly s ls
A lk a lin e
mm NaaSOa
Na*SaO
Ha0 a — Na8S04
HaaOa mm Naa804
























No A c tio n
K .S .O ,
K .S .O .
K .S .O .
N a .S .O . k*s. o.
K .S .O . 
10# T e t r a th io n ie  A eid
( l )  T e t r a th lo n a te  u s u a l ly  r e s u l t s  from  th e  p a r t i a l  o x l-  
d a t io n  o f  th io s u l f a t e #
(S ) I t  i s  h y d ro ly zed  b o th  i n  a c id  and a lk a l in e  s o lu t io n #
(8 )  C h lo r in e  o x id iz e s  i t  to  s u l f a te #
(4 )  I t  r e a c t s  w ith  n a s c e n t  s u l f u r  to  form  p e n ta th io n a te #
(5 ) W ith hydrogen  s u l f i d e  i t  y ie ld s  t h i o s u l f a t e  and s u l f u r  1 
w ith  p o ta ss iu m  s u l f i d e ,  th io s u l f a te #
(6 ) I t  r e a c t s  w ith  sodium s u l f i t e  to  form t h i o s u l f a t e  
and t r i t h i o n a t e #
(7 ) I n  a lk a l in e  s o lu t io n  i t  i s  decomposed in to  t h i o s u l f a t e  
and s u l f i t e #
T e t r a th io n ie  Acid
A# O ccurrence  i n  R e a c tio n s
P ro d u c ts
Compound
N a.S .O .
N a .S .0 .
R eagent In te rm e d ia te F in a l
N a.S .O .
Na.SO.
N a.S .O .
I
NaOCl
N a.S .O . NaClO.
1X4
P ro d u c ts
Compound R eagen t In te rm e d ia te F in a l
N a .S .O . KIO. N a.S .O .
N a .S .O , H.O. mm N a.S .O .
N a .S .O , SO, mm N a.S .O ,
N a.S .O ,
N a.S .O ,
K .S .O . S .C l ,  o r  
S C I,
«•* N a.S .O ,
S .C 1 . SO, and 
H.O
mm H .S .0 ,
H.SO.
H a.S .O . Decomposes mm N a.S .O ,
S
B« R e ac tio n s
R eagent
H y d ro ly s is
A cid
H y d ro ly s is




8 (N ascen t)
Ht S
P ro d u c ts  
In te rm e d ia te  F in a l




N a.S .O .
• •  Na.SO.
«— Na.SO.
~  H.SO.
— N a.S .O .





N a.S .O ,
N a.S .O .




(1 )  P e n ta th io n ie  a e id  i s  one o f  th e  p ro d u e ts  o f  th e  
r e a c t io n  betw een hydrogen  s u l f id e  and s u lfu ro u s  ac id*
(2 ) I t  may r e s u l t  I n  th e  a e id  d eco m p o sitio n  o f  th io s u l f a te *
(3 ) H ypoehlorous a e id  o x id iz e s  i t  to  s u l f a te *
(4 ) I t  r e s e t s  w ith  hydrogen s u l f i d e  to  form  s u l f u r ,  
t h io s u l f a te *  and t r i t h i o n a t c *
(5 ) I t  r e a c t s  w ith  s u l f u r  d io x id e  to  form  t r i -  and t e t r a -  
th ic m a te s*
(6 ) I n  b a s ic  s o lu t io n  i t  i s  im m ed ia te ly  decomposed 
y ie ld in g  th io s u l f a t e *
P e n ta th io n ie  A eid





P ro d u c ts  




I a . 8 , 0 ,
H a .6 .0 .
A d d
Ha*&40#
and a d d
B* R e a c tio n s
R eagent
Decomposes s lo w ly
P ro d u c ts  












KClOg (m old) ** HaS04
H |S • •  S
KgSgOg
&»$»0g
30g m  ICgS40g
KaSa0 4
KOH —  KgSgOg
KlinOg —  HgS04 (slow )
16# S u lfu r  H o n o ch lo rid e
(1 ) S u lfu r  m onoch loride may be formed by th e  d i r e c t  
a c t io n  o f  c h lo r in e  on s u l f u r  a t  te m p e ra tu re s  a s  low ae 
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(S) I t  can a l s o  be form ed by o th e r  m ethods which methods* 
how ever, do n o t  ap p ea r a p p l ic a b le  to  t h i s  problem ,
(3 ) I t  i s  s lo w ly  decomposed In  w a te r y ie ld in g  a s  f i n a l  
p ro d u c ts  s u l f u r  and s u lfu ro u s  a d d #  We may have a s  
in te rm e d ia te  p ro d u c ts  t h i o s u l f u r i c  a c id  and p erhaps 
p e n ta th io n ie  a d d *
(4 ) th e  d ic h lo r id e  and monobromide r e a c t  v io le n t ly  w ith  
n i t r i c  a c id  form ing  s u l f u r i c  a d d ,
(5 )  S o lu tio n s  o f  b ase  tra n s fo rm  th e  m onochloride in to  
s u l f u r  and s u l f i t e #
SI# H ypochlorous A d d
(1 ) H ypochlorous a e id  i s  formed by th e  a c t io n  o f  c h lo r in e
on w ate r*  H y d ro c h lo r ic  and h y p o ch lo ro u s a c id s  a r e  pro* 
duced and th e  r e a c t io n  i s  re p re s e n te d  a s  an e q u il ib r iu m  
b u t th e  am ounts o f  th e  a c id s  p r e s e n t  a r e  v e ry  sm all*
(8 )  The h y p o c h lo r i te s  may be produced by th e  a c t io n  o f  
c h lo r in e  on a  s o lu t io n  o f  an  a l k a l i  hyd rox ide*  The hypo* 
c h l o r i t e s  i n  b a s ic  s o lu t io n  a r e  f a i r l y  s ta b le *  w hereas* 
h y p o ch lo ro u s  a c id  i s  q u i te  u n s ta b le  te n d in g  to  form  
b h l o r l f  a d d *
(S) H ypochlorous a c id  i s  so f e e b le  i n  s t r e n g th  t h a t  i t  I s  
r e le a s e d  from  i t s  s a l t s  by sodium b ic a rb o n a te *
(4 )  Hydrogen p e ro x id e  c o m p le te ly  re d u c e s  th e  h y p o c h lo r ite s *
(5 ) When t r e a t e d  w ith  s u lfu r*  h y p o ch lo ro u s a d d *  o r  
h y p o c h lo r i te s  f u r n i s h  s u l f u r  c h lo r id e *  c h lo rin e *  and 
s u l f u r i c  a d d *
(6 ) S u lfu r  d io x id e  i s  o x id is e d  to  s u l f u r i c  a d d *
(7 ) Hydrogen s u l f id e  n o t  i n  ex cess  g iv e s  s u l f u r i c  a d d  
and f r e e  c h lo r in e *
(8 ) At pH v a lu e s  below  8*5 h y p o c h lo r i te s  o x id iz e  th lo *  
s u l f a t e  e n t i r e l y  to  s u l f a te *  More b a s ic  s o lu t io n s  may 
y i e l d  sodium t e t r a t h l o n a t e  a s  an in te rm e d ia te  p roduct*
From th e  fo re g o in g  s tu d y  o f  th e  fo llo w in g  compounds
i t  i s  e v id e n t t h a t  we may e l im in a te  them as  hav in g  any
b e a r in g  on th e  p r e s e n t  works
T h io n y l c h lo r id e  
S u lfu ry l  c h lo r id e  
C h lo ro s u lfo n ic  a d d  
P y ro s u l fu ry l  c h lo r id e  
P er s u l f u r i c  a c id s
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E^fo s u l f u r i c  a c id  
P y ro s u lfu r  ous a d d  
S u lfo x y l lc  a d d
We s a y  a l s o  e l im in a te  th e  fo llo w in g  compounds f o r
re a s o n s  t o  be d ls e u s s e d  l a t t e r t
D lth lo n lc  A d d  
H ex a th lo n lc  A d d
T h is  le a v e s  th e  fo llo w in g  f o r  more tho rough  s tu d y  
p a r t i c u l a r l y  w ith  r e s p e c t  to  t h e i r  I n t e r a c t i o n  w ith  each  
o th e rs
hydrogen s u l f id e  
S u lfu r
Sodium s u l f id e  
Sodium p o ly s u l f id e  
S u l f u r ic  A d d  
S u lfu r  ous a d d  
T h io su lfu ro u s  a d d  
T r i th io n le  a c id  
T e t r a th lo n ie  a e ld  
P e n ta th lo n le  a c id  
H jrposulfurous a d d  
S u lfu r  m onoehlorlde 
H ypochlorous a c id
The p rim ary  o x id a t io n  p ro d u c t o f  s u l f id e s  w ith  any 
o x id a n t i s  p ro b ab ly  s u l f u r .  The secondary  re a c tio n s  which 
may t h e r e a f t e r  occu r seem to  depend upon th e  f a c to r s  
c o n c e n tr a t io n ,  hydrogen io n  c o n c e n tr a t io n ,  and th e  n a tu r e  
o f  th e  o x id a n t*  The mechanism i s  p ro b ab ly  a f f e c te d  o n ly  
by th e  hydrogen  io n  c o n c e n tra tio n *
From th e  s ta n d p o in t  o f  mechanism, th e r e f o r e ,  i t  
ap p e a rs  to  be b e s t  to  c o n s id e r  th e  in t e r a c t i o n s  t h a t  can  
o ccu r betw een th e  above compounds w ith  r e s p e c t  to  th e  
a c i d i t y  o r  a l k a l i n i t y  o f  th e  so lu tio n *  The r e s u l t s  a r e  
g iv en  i n  th e  fo llo w in g  ta b le s *
HfiS 6
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I n t r o d u c t io n
I o d i n e t r i e  m ethods mere u sed  th ro u g h o u t t h i s  work 
i n  th e  s ta n d a r d is a t io n  o f  s u l f id e  and h y p o c h lo r i te  s o lu t io n s  
and in  th e  d e te rm in a t io n  o f  th e  o x id iz in g  o r  red u c in g  
power o f  th e  v a r io u s  r e a c t io n  m ix tu re s .
S tan d a rd  io d in e  and sodium t h i o s u l f a t e  s o lu t io n s  o f  
s u i t a b l e  c o n c e n tr a t io n s  w ere p rep a re d  a c c o rd in g  to  ac ce p ted  
m ethods (403)*
H y p o c h lo r ite  s o lu t io n s
w ere made by p a s s in g  c h lo r in e  gas in to  a s o lu t io n  o f  sodium
h y d ro x id e  o f  s u f f i c i e n t  s t r e n g th  so t h a t  th e  d e s ire d  hypo*
c h l o r i t e  s o lu t io n  would c o n ta in  a s l i g h t  ex c ess  o f  b ase  to
I n s u re  g r e a t e r  s t a b i l i t y *  The n o rm a li ty  o f  th e  s o lu t io n  was
d e te rm in ed  by t i t r a t i o n ^ t h e  io d in e  l i b e r a t e d  from an exoess
o f  a c id i f i e d  p o tassiu m  io d id e  s o lu t io n  w ith  s ta n d a rd
t h i o s u l f a t e  s o lu t io n .  S o lu tio n s  o f  ap p ro x im a te ly  th e  follow*?





Sodium s u l f i d e  s o lu t io n s I These s o lu t io n s  were made up 
by d is s o lv in g  an approx im ate  w eig h t o f  f r e s h ly  washed, 
c l e a r  c r y s t a l s  o f  re a g e n t g rad e  Nag8.9H»0 In  a l i t e r  o f  
d i s t i l l e d  w ater*  The n o rm a li ty  o f  th e  s u l f id e  s o lu t io n  was 
d e te rm in ed  by p ip e t t in g  a p o r t io n  o f  th e  s o lu t io n  in to  an 
a c i d i f i e d  s o lu t io n  o f  s ta n d a rd  io d in e  and t i t r a t i n g  th e
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e x c e ss  Io d in e  w ith  s ta n d a rd  t h i o s u l f a t e  s o lu t io n *  S o lu ­





The s u l f i d e  s o lu t io n s  were found to  he u n s ta b le  and i t  
was n e c e s s a ry  to  p re p a re  and s ta n d a rd iz e  f r e s h  s o lu t io n s  
f re q u e n tly *
S tan d ard , a c id  and b a se t I n  t h i s  work i t  was found 
n e c e s s a ry  to  p re p a re  h y d ro c h lo r ic  a d d  and sodium h y d ro x id e  
s o lu t io n s  o f  ap p ro x im ate  n o r m a l i t i e s  0*1 and 0*05* They 
w ere p re p a re d  and s ta n d a rd is e d  I n  th e  u s u a l  manner*
B e n s ld ln c  h y d ro c h lo r id e , s o lu t io n ! The b e n z id in e  hydro* 
c h lo r id e  re a g e n t f o r  th e  p r e e i p l t a t l o n  o f  s u l f a t e  was 
p rep a red  ac co rd in g  to  th e  method g iv e n  by T read w ell and 
B a l l  (4 0 8 ) .
M easurem ent o f  oHi The o x id is in g  and red u c in g  ch a rae*  
t e r i s t i c s  o f  a l l  o f  th e  s o lu t io n s  u sed  in  t h i s  s tu d y  ren d e red  
th e  u se  o f  c o lo r im e tr ic  in d ic a to r s *  th e  hydrogen e le c tro d e *  
and th e  qu inhydrone e le c t ro d e  im p o ssib le*  The g la s s  e le c *  
tro d e  h a s  r e c e n t ly  come in to  w idesp read  a p p l ic a t io n  f o r  u se  
w ith  an o rd in a ry  p o te n tio m e te r  c i r c u i t  because i t  fu n c tio n s  
i n  u n b u ffe re d  s o lu t io n s *  and h as  proved I t s e l f  ad m irab ly  
ad ap ted  f o r  th e  a u t h o r 's  purpose* The g la s s  e le c t ro d e  h as  a 
ran g e  o f  0 to  18*5 pH* and a  l i m i t  o f  e r r o r  o f  0*1 pH# I t  
i s  n o n -p o iso n in g  and does n o t  co n tam in a te  th e  s o lu t io n  
b e in g  te s te d #  The o n ly  p r a c t i c a l  l im i t a t i o n s  to  i t s  u se
u es
a r e  t h a t  th e  s o lu t io n  m ust n o t  be o v er 0*1 m olar I n  sodium 
o r  p o ta ss iu m  Io n  tn d  t h a t  I t  m ust be f r e e - f lo w in g ,  w ith o u t 
heavy  suspended  s o l id s *  In  a d d i t io n  to  th e  g la s s  e l e c t r o d e ,  
th e  au th o r*  s  c i r c u i t  in c lu d e d  a Leeds and N o rth ru p  ca lom el 
e l e c t r o d e  Ho* 77S4, a  Leeds and N o rth ru p  Type K-£ p o te n t io ­
m e te r ,  and a  Leeds and N o rth ru p  Type R, No* 8500-b g a lv a ­
n om eter h av in g  a  s e n s i t i v i t y  o f  0*0005 m icroam pere p e r 
m i l l im e te r  p e r  m eter*  W ith t h i s  d e v ic e  I t  was v e ry  ea sy  to  
o b ta in  pH re a d in g s  on any g iv e n  s o lu t io n  which checked w ith in  
0*05 pH*
1* C o n c e n tra tio n  E f f e c t
I n  rev iew in g  th e  work o f  S tev en s  (& ), th e  a u th o r  was 
s t r u c k  by th e  f a c t  t h a t  upon m ixing one e q u iv a le n t  o f  s u l ­
f i d e  w ith  one e q u iv a le n t  o f  h y p o c h lo r i te ,  th e  r e s u l t i n g  
s o lu t io n  y ie ld e d  a  q u a l i t a t i v e  t e s t  f o r  s u lf id e *  I t  appeared  
t h a t  t h i s  would i n d i c a t e  t h a t  s u l f id e  and h y p o c h lo r i te  do 
n o t  r e a c t  e q u iv a le n t  f o r  e q u iv a le n t  b u t t h a t  th e r e  i s  r a th e r  
some r e a c t io n  mechanism in  e f f e c t  whereby more h y p o c h lo r i te  
i s  r e q u ir e d  th a n  i s  in d ic a te d  by th e  r a t i o  I t l *
The f i r s t  i n v e s t i g a t io n ,  th e r e f o r e ,  was t o  d e te rm in e  
th e  e q u iv a le n t  r e a c t io n  r a t i o  betw een sodium s u l f id e  and 
sodium h y p o c h lo r i te ,  i* e*  th e  number o f  e q u iv a le n ts  o f  
h y p o c h lo r i te  r e q u ir e d  p e r  e q u iv a le n t o f  s u lf id e *
To c a r r y  o u t t h i s  in v e s t ig a t io n  e x a c tly  0*05 N sodium 
h y p o c h lo r i te  and e x a c t ly  0*05 N sodium s u l f id e  s o lu t io n s
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w ere p rep ared *  I t  was d ec id ed  to  ta k e  a  d e f in a te  q u a n t i ty  
o f  th e  h y p o c h lo r i te  s o lu t io n  and add to  t h i s  v a ry in g  quan­
t i t i e s  o f  sodium s u l f id e  s o lu t io n  u n t i l  th e  r e s u l t i n g  
s o lu t io n  showed a  q u a l i t a t i v e  t e s t  f o r  s u lf id e *  At th e  same 
tim e  th e  ex cess  o x id is in g  o r  red u c in g  power o f  th e  s o lu t io n s  
was d e te rm in ed  io d lm e t r io a l ly .  The change i n  b a s i c i t y  o f  
th e  s o lu t io n  was d e te rm in ed  by t i t r a t i o n  w ith  s ta n d a rd  
h y d ro c h lo r ic  a d d  s o lu t io n *  A lso , q u a l i t a t i v e  t e s t s  f o r  
s u l f a t e  were made on each  s o lu t io n *
The r e s u l t s  a r e  shown i n  T ab le  1* I t  i s  seen  t h a t ,  
s t a r t i n g  w ith  50 ce* o f  h y p o c h lo r i te  and add ing  5 cc* po r­
t io n s  o f  s u l f i d e ,  n e g a t iv e  t e s t s  f o r  s u l f id e  a r e  found u n t i l  
30 cc* o f  th e  sodium s u l f id e  s o lu t io n  have been added* T here
oO
i s  a  t e s t  f o r  s u l f a t e  th roug l^ t th e  e n t i r e  ru n j c o l lo id a l  
s u l f u r  was a l s o  e v id e n t*  I t  f u r th e r  ap p e a rs  t h a t  th e re  i s  
a  s te a d y  In c r e a s e  o f  b a s i c i t y  upon th e  a d d i t io n  o f  in c r e a s ­
in g  am ounts o f  s u lf id e *
I t  i s  e v id e n t from th e  above r e s u l t s  t h a t  th e r e  i s  
some mechanism In  e f f e c t  whereby th e  p ro d u c tio n  o f  c o l lo id a l  
s u l f u r  and s u l f a t e  o c c u rs  s im u lta n e o u s ly  e i t h e r  by some 
p a r a l l e l  r e a c t io n  mechanism o r  by some c o n se c u tiv e  mechanism* 
H ence, I t  would be ex p ec ted  and was found e x p e r im e n ta lly  th a t  
more h y p o c h lo r i te  th a n  s u l f id e  i s  re q u ire d *  R e g a rd le ss  o f  
th e  mechanism th e  fo llo w in g  q u a n t i t a t iv e  r e l a t io n s h ip s  may 
be e s ta b l i s h e d !
HaOCl + NaaS H , 0  »  8 ♦ NaCl 4 8NaOH 
4NaOCl 4  ffa*8 « 4N&C1 4 NaaS04
i m
The v a l i d i t y  o f  th e  f i r s t  e q u a tio n  i s  in d ic a te d  by
th e  f a c t  t h a t  th e r e  I s  an  In c r e a s e  I n  b a s i c i t y  a s  shown
i n  th e  ta b le *  A lso  th e r e  a p p e a rs  to  be no p o s s ib le  equa~
t l o a  w hich w i l l  show th e  d i r e c t  p ro d u c tio n  o f  s u l f u r  with-*
c u t  th e  s im u lta n eo u s  p ro d u c tio n  o f  sodium hydroxide*  From
th e s e  r e s u l t s  I t  can n o t be d e f i n i t e l y  s t a te d  t h a t  s u l f u r
I s  a  p rim ary  o x id a t io n  p ro d u c t o f  s u lf id e *  i t  may be a
seco n d ary  p ro d u c t a r i s i n g  from  th e  d eco m p o sitio n  o f  some
e t h e r  p ro d u c t p roduced In  th e  re a c tio n *  But* r e g a r d le s s
o f  th e  a c tu a l  mechanism* I t  may be s t a t e d  t h a t  f o r  th e
p ro d u c tio n  o f  s u l f u r  from  s u l f id e  one e q u iv a le n t  o f  hypo-
c h l o r i t e  i s  r e q u ir e d  p e r  e q u iv a le n t  o f  s u lf id e *  and f o r
th e  p ro d u c tio n  o f  s u l f a te *  one e q u iv a le n t  o f  s u l f id e  r e q u i r e s
fo u r  e q u iv a le n ts  o f  h y p o c h lo r ite *
I t  i s  ev id en t*  th e re fo re *  t h a t  i f  s u l f u r  were produced
e x c lu s iv e ly *  th e  fo llo w in g  r e l a t i o n  would h o ld t
E a . gaOCl -  x  
Eq* Na*S
and i f  s u l f a t e  w ere produced e x c lu s iv e ly !
gqtJfofffflL«  *
Eq* Ha*S
A ccord ing ly*  i f  s u l f a t e  and s u l f u r  a r e  produced s im u ltan eo u s­
l y  a s  in d ic a te d  i n  T ab le  1* we would ex p ec t th e  r a t i o  o f  
h y p o c h lo r i te  t o  s u l f i d e  to  assume some v a lu e  betw een 1 and 4* 
From th e  d a ta  i n  T ab le  1 we can c a lc u l a t e  th e  r a t i o  
o f  h y p o c h lo r i te  to  s u l f id e  when v a r io u s  p o r t io n s  o f  s u l f id e  
a r e  added to  a c o n s ta n t  q u a n t i ty  o f  h y p o c h lo r ite *  The r e s u l t s  
a r e  shown i n  T ab le  2* I t  ap p e a rs  th a t*  ex c ep t f o r  th e  f i r s t
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v a lu e ,  th e  r a t i o  i s  f a i r l y  c o n s ta n t  a t  abou t 1 .8 4 .
The n e x t  o b v io u s s te p  was to  i n v e s t i g a t e  th e  e f f e c t
o f  chang ing  c o n c e n tr a t io n  on th e  co n s tan c y  o f  th e  r a t io *
The r a t i o  w as, t h e r e f o r e ,  d e te rm in ed  a t  th e  fo llo w in g
ap p ro x im ate  c o n c e n t r a t io n s ,  th e  c o n c e n tra t io n s  o f  th e




The r e s u l t s  a r e  t a b u la te d  i n  T ab le s  3 ,  4 ,  and 5 r e s p e c t ­
i v e l y .  I t  i s  seen  t h a t  f o r  any g iv en  c o n c e n tra t io n  t h a t  
th e  r a t i o  i s  a p p ro x im a te ly  c o n s ta n t ,  b u t t h a t  th e r e  i s  
SMC v a r i a t i o n  from  one c o n c e n tr a t io n  to  th e  o th e r .  The 
r e s u l t s  ap p ea r t o  be anomolous s in c e  th e  r a t i o  f o r  th e  
0*1 H s o lu t io n s  i s  1 .7 8  which i s  low er th a n  th e  v a lu e  f o r  
e i t h e r  th e  0 ,2  H o r  th e  0 .0 5  H s o lu t io n s  which a r e  r e s ­
p e c t iv e ly ,  1 .8 6  and 1 .8 8 . However, th e  re a so n  f o r  t h i s  
anomoly became a p p a re n t l a t e r  i n  th e  s tu d y  o f  th e  e f f e c t  
o f  pH. I n  t h i s  p re lim in a ry  work no a tte m p t was made to  
keep  th e  pH o f  th e  s o lu t io n s  a t  any s e t  v a lu e .
I t  h as  been assumed t h a t  s u l f u r  and s u l f a t e  w ere 
th e  o n ly  p ro d u c ts  p ro d u ced . T h is  i s  n o t  n e c e s s a r i ly  an  
e s ta b l i s h e d  f a e t  from  th e  d a ta  o b ta in e d  th u s  f a r .  T here 
a r e  two m ethods o f  approach  i n  p ro v in g  o r d isp ro v in g  t h i s  
a s su m p tio n . We may make q u a l i t a t i v e  t e s t s  f o r  v a r io u s  
compounds w hich a r e  l i k e l y  to  o ccu r i n  t h i s  r e a c t io n  o r  
we may make a  q u a n t i t a t iv e  d e te rm in a tio n  o f  th e  p ro d u c ts .
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I f  I t  i s  assum ed t h a t  o n ly  s u l f u r  and s u l f a t e  a re  
form ed i n  th e  r e a c t i o n ,  we may c a lc u l a t e  th e  q u a n t i ty  o f  
s u l f u r  and s u l f a t e  t h a t  shou ld  e x i s t  i n  any m ix tu re  o f  
s u l f i d e  w ith  h y p o c h lo r i te  from th e  r a t i o  o f  h y p o c h lo r i te  
t o  s u l f i d e  s in c e  i t  i s  known t h a t  one e q u iv a le n t o f  hypo* 
c h l o r i t e  p e r  e q u iv a le n t  o f  s u l f id e  I s  n e c e s s a ry  to  co n v e rt 
th e  s u l f i d e  to  s u l f u r  and fo u r  e q u iv a le n ts  a r e  n e c e s s a ry
t o  c o n v e r t  I t  t o  s u l f a te *  We may a r r i v e  a t  th e  amount o f
p ro d u c ts  p roduced  by ta k in g  one mole o f  sodium s u l f id e  
a s  a  b a s i s  o f  c a lc u l a t i o n  and a p p ly in g  th e  fo llo w in g  
r e a s o n in g . (The r a t i o  f o r  0«S N  s o lu t io n s  w i l l  be u sed
i n  t h i s  exam ple s in c e  t h i s  was th e  c o n c e n tra t io n  a t  which
th e  s u l f a t e  c o n te n t was m ost r e a d i ly  g r a v im e tr ic a l ly  
d e te rm in ed * )
S ta r t i n g  w ith  one mole o f  sodium s u l f id e  and l e t t i n g  
£  m oles go to  s u l f u r  and % m oles to  s u l f a t e ,  we can o b ta in  
two s im u ltan eo u s  e q u a tio n s ,  one w ith  r e s p e c t  to  th e  s u l f id e  
and one w ith  r e s p e c t  to  th e  h y p o c h lo r ite s  
S u lf id e  x  ♦  y *  1
Hypo x  ♦  4y ■ 1*86
from  w hich we f in d
x  *  0 .7 1 3 5  m oles s u l f u r
y  »  0 .2867  m oles s u l f a t e
O r, we may say  t h a t  x /y  o r  6 /80* * 8*49 which means t h a t  
a t  a  c o n c e n tr a t io n  o f  ou r r e a c t a n t s ,  h y p o c h lo r ite  and s u l ­
f i d e ,  o f  0 .2  N th e  r e a c t io n  m ix tu re  shou ld  y ie ld  a r a t i o  
o f  s u l f u r  to  s u l f a t e  o f  2*49*
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T h e re fo re ,  to  p rove  th e  o r i g i n a l  assum ption  t h a t  
o n ly  s u l f u r  and s u l f a t e  a r e  produced a s  end p ro d u c ts  In  
th e  r e a c t i o n ,  i t  becomes n e c e s s a ry  to  d e v ise  some a n a l y t i c a l  
m ethod t o  d e te rm in e  th e  q u a n t i ty  o f  e i t h e r  s u l f u r  o r 
s u l f a t i  produced  i n  th e  r e a c t io n  s in c e  th e  p ro o f  o f  one 
n e c e s s a r i l y  p ro v es  t h a t  th e  o r i g i n a l  assum ption  i s  c o r re c t#
A m ethod f o r  th e  a n a ly s is  o f  s u l f a t e  would ap p ea r to  
be more l o g i c a l  th a n  a  d i r e c t  a n a ly s i s  f o r  s u l f u r ,  b u t no 
method was a v a i la b le  which was d i r e c t l y  a p p l ic a b le  to  t h i s  
ays t e a .  Inasm uch a s  th e  q u a n t i ty  o f  s u l f a t e  to  be d e te rm in ed  
was sm a ll th e  b e n z id in e  s u l f a t e  method seemed to  be th e  
m ost p rom ising*
The a p p l i c a b i l i t y  o f  t h i s  method i n  th e  d e te rm in a tio n  
o f  th e  q u a n t i ty  o f  s u l f a t e  a r i s i n g  i n  th e  r e a c t io n  betw een 
sodium h y p o c h lo r i te  and sodium s u l f id e  a t  c o n c e n tra t io n s  
o f  a p p ro x im a te ly  0 .2  N was in v e s t ig a te d *  S in ce  i t  was 
d e s i r e d  to  make s e v e r a l  d e te rm in a t io n s ,  i . e .  s u l f a t e  pro** 
duced by th e  a d d i t io n  o f  v a r io u s  q u a n t i t i e s  o f  s u l f id e  to  
a  s e t  ex e e ss  o f  h y p o c h lo r i te ,  we c a lc u la te d  th e  t h e o r e t i c a l  
q u a n t i t i e s  o f  s u l f a t e  t h a t  shou ld  be produced and made up 
known s o lu t io n s  o f  s u l f a t e  c o n ta in in g  th e s e  q u a n t i t i e s  and 
a p p l ie d  th e  b e n z id in e  s u l f a t e  method to  them#
T h is  method i s  as  fo llow s*  The s u l f a t e  i s  p r e c ip i t a t e d  
by th e  a d d i t io n  o f  an ex eess  o f  th e  b e n z id in e  h y d ro c h lo r id e  
r e a g e n t  to  th e  s u l f a t e  s o lu t io n .  The s o lu t io n  i s  th e n  
a llo w ed  to  s ta n d  f i v e  m inu tes and th e  p r e c i p i t a t e  f i l t e r e d  
o f f  by s u c t io n .  The f i l t e r  p ap e r c o n ta in in g  th e  p r e c i p i t a t e
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I s  th a n  p la c e d  i n  a  s to p p e re d  f l a s k  w ith  f i f t y  m i l l i l i t e r s  
o f  w a te r  and shaken  to  a  u n ifo rm  pulp* th e  eon t e n t s  o f  th e  
f l a s k  a r e  h e a te d  to  50° and t i t r a t e d  w ith  s ta n d a rd  b ase  
to  th e  p h e n o lp h th a le in  end p o in t*  th e  s o lu t io n  i s  th en  
b ro u g h t t o  a  b o i l  and th e  t i t r a t i o n  com pleted* The s u l f a t e  
i s  c a lc u la te d  from  th e  amount o f  b ase  re q u ire d *
t h e  r e s u l t s  o f  t h i s  i n v e s t ig a t io n  a re  shown in  T ab le  
6 * A lthough  some e r r o r  r e s u l t s *  th e  method ap p ea rs  to  be 
s u f f i c i e n t l y  e x a c t  to  i n d ic a t e  w ith  a  re a s o n a b le  d eg ree  
o f  a c c u ra c y  th e  p e r c e n t  s u l f a t e  in  o u r sam ples*
t h i s  method was n o t  d i r e c t l y  a p p l ic a b le  t o  th e  r e a c t io n  
m ix tu re  s in c e  I t  c o n ta in e d  b e s id e s  s u lf a te *  c o l lo id a l  
s u l f u r  and an ex e ess  o f  sodium h y p o c h lo r ite *  The s o lu t io n  
was a l s o  b a s ic  and th e  method r e q u ir e s  t h a t  th e  s u l f a t e  
be p r e c i p i t a t e d  i n  a  n e u t r a l  o r  s l i g h t l y  a e ld  so lu t io n *
I t  became e v id e n t im m ed ia te ly  t h a t  th e  ex cess  o f  
h y p o c h lo r i te  m ust be d e s tro y e d  b e fo re  a d d i t io n  o f  th e  b en s l*  
d in e  re a g e n t  s in c e  h y p o c h lo r i te  was shown to  have some 
a c t io n  on th e  r e a g e n t  whereby i t  was tu rn e d  a deep re d  in  
c o lo r*  A ccording to  th e  l i t e r a t u r e  (403) h y p o c h lo r i te  i s  
co m p le te ly  red u ced  by hydrogen p e ro x id e  acco rd in g  to  th e  
fo llo w in g  eq u a tio n s
H&0C1 4  H,0* *  NaCl 4  Ha0 4 0*
T h is  r e a c t io n  was* th e re fo re *  employed In  th e  d e s t r u c t io n  
o f  th e  ex eess  h y p o c h lo r i te  by th e  a d d i t io n  o f  an ex cess  o f  
hydrogen  p e ro x id e*  Hydrogen p e ro x id e  was shown to  have no
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a c t io n  on th e  b e n z id in e  reag e n t*
However, th e  s o lu t io n  s t i l l  c o n ta in s  c o l lo id a l  s u l f u r  
laut a t  t h i s  tim e  i t  was n o t  b e lie v e d  t h a t  th e  s u l f u r  would 
have any e f f e c t  on th e  s u l f a t e  d e te rm in a tio n *
The f i r s t  method t r i e d  was a s  fo llo w s !  T i t r a t e  th e  
r e a c t io n  m ix tu re  t o  n e u t r a l i t y  w ith  0 .1  N HC1 u s in g  pehnol** 
p h th a le ln  a s  th e  i n d i c a to r  renew ing th e  p e h n o lp h th a le ln  
a s  i t  i s  b le ach e d  by th e  h y p o c h lo r ite *  Add a c a lc u la te d  
e x c ess  o f  2$ hydrogen  p e ro x id e , b r in g  to  a  b o l l  t o  c o a g u la te  
th e  s u l f u r ,  c o o l to  room te m p e ra tu re , add th e  b e n z id in e  
r e a g e n t  and com plete  th e  method a s  o u t l in e d  above* The 
r e s u l t s  a r e  shown i n  T ab le  7* K eeping i n  mind t h a t  th e  
t h e o r e t i c a l  r a t i o  o f  s u l f u r  to  s u l f a t e  sh o u ld  be 2*49, i t  
i s  seen  t h a t  th e  r e s u l t s  o b ta in e d  in  t h i s  t a b le  a r e  u n s a t l s *  
fa c to ry *  The s u l f a t e  c o n te n t ra n  to o  h ig h  w hich, o f  c o u rs e , 
c a u se s  th e  r a t i o  o f  s u l f u r  to  s u l f a t e  to  be to o  low*
The re a s o n  f o r  th e  h ig h  s u l f a t e  c o n te n t became e v id e n t 
upon study*  I t  was found i n  a l a t e r  in v e s t ig a t io n  t h a t ,  
a lth o u g h  th e  a c t io n  o f  sodium h y p o c h lo r i te  on c o l lo id a l  
s u l f u r  to  form s u l f a t e  i s  v e ry  slow i n  b a s ic  s o lu t io n ,  
an a e l d l f l e d  s o lu t io n  o f  h y p o c h lo r i te  has a r a p id  a c t io n  
on c o l l o i d a l  o r  suspended su lfu r*  I t  was th e r e f o r e ,  deemed 
a d v is a b le  to  d e s t ro y  th e  h y p o c h lo r i te  b e fo re  a c i d i f i c a t i o n  
by th e  a d d i t io n  o f  an ex cess  o f  hydrogmn p e ro x id e  to  th e  
b a s ic  s o lu t io n ,  and th e n  a c id ify *
T h is  m o d if ic a tio n  was In c lu d e d  i n  th e  o r i g in a l  method 
and th e  r e s u l t s  a r e  shown I n  T ab le  6* A gain i t  was found
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t h a t  t h e  s u l f a t e  c o n te n t  ra n  h ig h e r  th a n  was e x p e c te d , b u t 
i n  t h i s  e a se  i t  was found t h a t ,  even a f t e r  th e  a d d i t io n  o f  
hydrogen  p e ro x id e  i n  a  c a lc u la te d  e x c e s s , th e  s o lu t io n  
s t i l l  c o n ta in e d  an ex e ess  o f  h y p o c h lo r i te  as  ev idenced  
by th e  f a c t  t h a t  th e r e  was some d i s c o lo r a t i o n  on th e  a d d i t io n  
o f  th e  b e n a ld ln e  r e a g e n t .  The r e s u l t s  i n  t h i s  t a b le  a r e ,  
t h e r e f o r e ,  in c o n c lu s iv e .  Hydrogen p e ro x id e  I s  so u n s ta b le  in  
b a s ic  s o lu t io n  t h a t  p a r t  o f  i t  was decomposed b e fo re  
r e a c t io n  w ith  th e  h y p o c h lo r ite #
I t  was th e n  th o u g h t t h a t  i f  we im m ed ia te ly  a c id i f i e d  
by add ing  th e  c a lc u la te d  q u a n t i ty  o f  a c id  and th e n  Im m ediate ly  
added th e  p e ro x id e , th e  h y p o c h lo r i te  co u ld  be d e s tro y e d  
b e fo re  i t  had any a c t io n  on th e  c o l lo id a l  s u l f u r ,  b u t t h i s  
method a g a in  gave u n s a t i s f a c to r y  r e s u l t s  a s  I s  shown i n  
T ab le  9 .
I n  a l l  o f  th e  above d is c u s se d  c a se s  i t  i s  seen  t h a t  
th e  s u l f a t e  ra n  h ig h ,  th e  d i f f i c u l t y  being  th e  d e s t r u c t io n  
o f  th e  ex e e ss  h y p o c h lo r i te  i n  such a manner th a t  a t  th e  
same tim e i t  was n o t  p u t i n  such a fa v o ra b le  c o n d it io n  to  
a c t  on th e  s u l f u r .
We n e x t  d e v ise d  th e  scheme o f  m ixing th e  c a lc u la te d  
q u a n t i ty  o f  a c id  w ith  th e  hydrogen p e ro x id e  and th en  adding  
th e  m ix tu re  to  th e  s o lu t io n .  I f ,  i n  t h i s  c a s e , th e  r e a c t io n  
o f  h y p o c h lo r i te  w ith  hydrogen p e ro x id e  i s  f a s t e r  th an  I t  i s  
w ith  c o l l o i d a l  s u l f u r ,  we shou ld  be a b le  to  g e t  an a c c u ra te  
d e te rm in a t io n  o f  th e  s u l f a t e  c o n te n t .  A p re lim in a ry  in v est!-*
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g ab io n  o f  t h i s  method in d ic a te d  t h a t  i t  would g iv e  f a i r l y  
s a t i s f a c t o r y  r e s u l t s *  We, th e r e f o r e ,  d ec id ed  to  chech th e  
r e l i a b i l i t y  o f  th e  m ethod by com parison o f  th e  r e s u l t s  on 
s e v e r a l  i d e n t i c a l  s o lu t io n s *
The r e s u l t s  a r e  shown i n  T ab le  10 and th e  checks a r e  
e x c e l l e n t  c o n s id e r in g  th e  e x ig e n c ie s  o f  th e  method* I t  was 
f u r t h e r  found h e re  t h a t  i t  was u n n e c e ssa ry  to  b o i l  th e  so lu *  
t i o n  b e fo re  f i l t e r i n g  o f f  th e  s u l f u r  s in c e  w ith  th e  above 
t r e a tm e n t ,  I t  was found t h a t  th e  s u l f u r  was i n  such  a con­
d i t i o n  t h a t  i t  co u ld  be co m p le te ly  f i l t e r e d  o u t th ro u g h  
a d o u b le  Wattman No* 40 f i l t e r  paper* However, i t  ap p eared  
to  sa k e  no d i f f e r e n c e  w hether th e  s o lu t io n  was b o ile d  o r  
n o t*  S o lu tio n s  1 , 2 , and 3 were b o ile d  b e fo re  f i l t e r i n g  
o f f  th e  s u l f u r  w h ile  s o lu t io n  4 was f i l t e r e d  w ith o u t b o il in g *  
The r e s u l t s  a r e  p r a c t i c a l l y  th e  same*
Even th e s e  l a s t  r e s u l t s ,  how ever, show some ex cess  
o f  s u l f a t e  s in c e  we have n o t  y e t  a t t a i n e d  th e  t h e o r e t i c a l  
r a t i o  o f  2*49, b u t th e  a u th o r  was I n c l in e d  to  b e l ie v e  
h e re  t h a t  s in c e  we w ere d e a lin g  w ith  v e ry  sm all q u a n t i t i e s  
o f  s u l f a t e  t h a t  t h i s  ex e ess  was due to  co n tam in a tio n  o f  
one o f  th e  re a g e n ts  used* A ll  o f  th e  s o lu t io n s  u sed  gave 
n e g a t iv e  t e s t s  f o r  s u l f a t e  ex cep t th e  hydrogen p e ro x id e  which 
gave a  s l i g h t  t e s t*
The amount o f  s u l f a t e  c o n ta in e d  in  a g iv en  p o r t io n  
( t h a t  p o r t io n  w hich was u sed  to  n e u t r a l i s e  th e  h y p o c h lo r i te  
i n  T ab le  10) was determ ined*  The r e s u l t s  a r e  reco rd ed  i n  
T ab le  11 i n  cc**s o f  b ase  re q u ire d  s in c e  th e  c o r r e c t io n  was
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a p p l ie d  d i r e c t l y  to  th e  t o t a l  ce* f s o f  b ase  re q u ire d  in  
T ab le  1 0 ,
The c o r r e c te d  v a lu e s  f o r  th e  r a t i o  o f  s u l f u r  to  
s u l f a t e  from  T ab le  10 a r e  g iv en  i n  T ab le  IS  and i t  I s  
e v id e n t t h a t  th e r e  i s  a  f a i r l y  c lo s e  check  w ith  ou r pos* 
t u l a t e d  r a t io *
A t t h i s  tim e I t  w&9 fo u n d , how ever, t h a t  i n  some o f  th e  
s o lu t io n s  where th e r e  was a  c o n s id e ra b le  ex cess  o f  hypo* 
c h l o r i t e ,  to o  l a r g e  a volume o f  hydrogen p e ro x id e  was 
r e q u ir e d  f o r  r e a c t io n  w ith  th e  h y p o c h lo r ite *  I t  was d ec id ed  
to  u s e  ZO% hydrogen p e ro x id e  i n  f u tu r e  d e te rm in a tio n s*
( I t  h as  been shown i n  th e  l i t e r a t u r e  t h a t  hydrogen p e ro x id e  
h as  no e f f e c t  on f i n e l y  d iv id e d  s u l f u r  (6 0 ))*
The d e te rm in a tio n  o f  th e  s u l f a t e  c o n te n t o f  30£ hydrogen 
p e ro x id e  p e r  te n  cc* I s  shown in  T ab le  13* I t  was found 
t h a t  10 ec* o f  hydrogen p e ro x id e  was s u f f i c i e n t  t o  d e s tro y  
th e  h y p o c h lo r i te  in  a l l  o f  th e  s o lu t io n s  u se d ; a c c o rd in g ly ,
I t  was u se d  i n  t h i s  c o n s ta n t  amount a t  a l l  tim es to  s lm p ll*  
f y  c a lc u la t io n s *
The o r ig in a l  d e te rm in a tio n s  o f  th e  s u l f a t e  form ed when 
v a ry in g  q u a n t i t i e s  o f  s u l f id e  a re  added to  a c o n s ta n t ex c ess  
o f  h y p o c h lo r i te  were re p e a te d  u s in g  th e  method a s  f i n a l l y  
worked o u t  i n  th e  above d isc u ss io n *  T ab le  14 shows t h a t  
th e r e  i s  o b ta in e d  an av e rag e  v a lu e  o f  ab o u t 2*40 v e rsu s  th e  
c a lc u la te d  v a lu e  o f  2*49 which i s  a  re a s o n a b le  check 
c o n s id e r in g  th e  e r r o r  w hich may o cc u r i n  th e  o r i g in a l l y
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d e te rm in ed  r a t i o  o f  h y p o c h lo r i te  t o  su lf id ©  w hich may be 
i n  e r r o r  a t  tim es a s  much a s  one o r  two p e rc e n t due to  th e  
o b sc u rin g  e f f e c t  o f  c o l l o i d a l  s u l f u r  i n  th e  io d im e tr ic  
t i t r a t i o n s *  Mote sh o u ld  a l s o  be made t h a t  any e r r o r  made 
i n  th e  o r i g i n a l  r a t i o  w i l l  be doubled  in  th e  f i n a l  r a t i o  o f  
s u l f u r  to  s u l f a te *
From th e  above r e s u l t s  i t  seemsf th e re fo re *  t h a t  th e  
o n ly  p ro d u e ts  w hich e x i s t  i n  th e  f i n a l  r e a c t io n  m ix tu re  
a r e  s u l f u r  and s u l f a t e  and t h a t  th e y  may be d e te rm in ed  
from  th e  r a t i o  o f  th e  i n i t i a l  r e a c ta n t s  s u l f id e  and hypo* 
c h lo r i t e *  u n d e r  any g iv en  s e t  o f  c o n d itio n s*
Hence* f u r th e r  s tu d y  was co n fin ed  e n t i r e l y  to  th e  
v o lu m e tr ic  d e te rm in a tio n  o f  th e  r a t i o  o f  s u l f id e  to  hypo* 
c h l o r i t e  s in c e  i t  o f f e r e d  a much more r a p id  method th a n  th e  
co rre sp o n d in g  g ra v im e tr ic  study*
I t  w i l l  be n o te d  t h a t  th e  fo re g o in g  work h as  been a 
s tu d y  o f  th e  r e a c t io n  a t  v a r io u s  c o n c e n tra t io n s  b u t t h a t  
i n  a l l  c a s e s  th e  c o n c e n tra t io n s  o f  th e  s u l f id e  and hypo* 
c h l o r i t e  s o lu t io n s  have been ap p ro x im a te ly  th e  same*
We w ere i n t e r e s t e d  to  f in d  o u t i f  th e  r a t i o  o f  th e  
r e a c ta n t s  would be m a te r ia l ly  changed i f  th e  c o n c e n tra t io n s  
o f  o u r r e a c ta n t s  w ere d i f f e r e n t  from each o th e rs  we m e -^ e r e W e ^  
began a s e r i e s  o f  in v e s t ig a t io n s  which may be d iv id e d  in to  
to y  p a r t s i
1* S u lf id e  more c o n c e n tra te d  th a n  h y p o c h lo r i te  
2* H y p o c h lo r ite  more c o n c e n tra te d  th a n  s u l f id e
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F or th e  f i r s t *  th e  e x p e rim e n ta l work was a s  fo llo w s!
To an  e x c e ss  o f  h y p o c h lo r i te  s o lu t io n  s u lfd e  o f  v a r io u s  
c o n c e n tr a t io n s  was added and th e  ex c ess  h y p o c h lo r i te  deter** 
m ined by a d d i t io n  o f  a c i d i f i e d  p o tassiu m  io d id e  s o lu t io n  
and t i t r a t i o n  o f  th e  io d in e  l i b e r a t e d  w ith  s ta n d a rd  sodium 
t h i o s u l f a t e  s o lu t io n *  From t h i s  we co u ld  c a lc u l a te  th e  
r a t i o  o f  h y p o c h lo r i te  to  s u l f i d e  a t  v a r io u s  s u l f id e  so lu *  
t l c n  c o n c e n tra t io n s *  The r e s u l t s  a r e  ta b u la te d  i n  T ab le  15* 
I t  i s  e v id e n t a t  l e a s t  i n  a  q u a l i t a t i v e  way th a t  i n  g e n e ra l  
th e  r a t i o  o f  h y p o c h lo r i te  to  s u l f id e  d e c re a se s  w ith  in c re a s e  
o f  s u l f i d e  c o n c e n tr a t io n  showing th a t  fo rm a tio n  o f  s u l f u r  
i s  fav o red *
A t t h i s  tim e  th e  a u th o r  became co n sc io u s o f  a n o th e r  
e f f e c t ,  i* e*  th e  r a t e  o f  a d d i t io n  o f  th e  s u l f id e  to  th e  
h y p o c h lo r ite *  The r e s u l t s  a r e  shown I n  T ab le  16* U sing su l~  
f i d e  and h y p o c h lo r i te  s o lu t io n s  o f  th e  c o n c e n tra t io n s  a s  
shown i n  th e  t a b l e  th e  method was as fo llo w s!
F i r s t*  5 ec* o f  th e  s u l f id e  s o lu t io n  was added as  
r a p id ly  a s  p o s s ib le  from a  b u r e t te  to  100 cc* o f  th e  hypo** 
c h l o r i t e  s o lu t io n  and th e  r e s id u a l  o x id is in g  power deter** 
mined a s  u su a l*
8eoond, 5 cc* o f  th e  s u l f id e  s o lu t io n  were added 
s lo w ly  ( t o t a l  tim e  r e q u ire d  200 seconds) to  100 cc* o f  th e  
h y p o c h lo r i te  s o lu t io n  and th e  o x id a tio n  power o f  th e  r e s u l t *  
in g  s o lu t io n  determ ined*
I t  i s  e v id e n t  from th e  t a b le  t h a t  slow a d d i t io n  fa v o rs  
th e  fo rm a tio n  o f  s u l f a te *  T h is ,  o f  c o u rse , l a  J u s t  a n o th e r
i  m
n e th o d  o f  chang ing  th e  r e l a t i v e  c o n c e n tra t io n s  o f  th e  
r e a c t a n t s  a t  any g iv e n  tim e*
The r a t e  o f  a d d i t io n  ap p eared  to  b© o f  m inor im port 
tano© where th e  c o n c e n tr a t io n s  o f  th e  r e a c ta n t s  were approx* 
im a te ly  th e  same*
T ab le  17 shows th e  e f f e c t  o f  a d d i t io n  o f  h y p o c h lo r i te  
to  s u l f i d e  i n  w hich th e r e  i s  an  ex cess  o f  s u l f id e  u n t i l  
th e  r e a c t io n  i s  com plete* T h is  p ro c e s s  gave a  low er r a t i o  
th a n  e i t h e r  o f  th e  fo reg o in g *
T ab le  18 shows th e  e f f e c t  o f  th e  a d d i t io n  o f  v a r io u s  
q u a n t i t i e s  o f  s u l f i d e  to  a  d e f i n i t e  ex eess  o f  h y p o c h lo r i te  
w here th e  c o n c e n tr a t io n s  o f  th e  h y p o c h lo r ite  and s u l f id e  
a r e  w id e ly  d iv e rg e n t*  I t  i s  seen  t h a t  th e  r a t i o  In  t h i s  
c a se  i s  n o t  even ap ro x im a te ly  c o n s ta n t  a s  i s  th e  ca se  
when th e  h y p o c h lo r i te  and s u l f id e  a r e  o f  th e  same concen­
t r a t i o n  b u t fo llo w s  th e  same g e n e ra l  t r e n d  a s  h a s  been 
in d ic a te d  i n  th e  above c o n c e n tra t io n  e f f e c t*
We n e x t  in v e s t ig a te d  th e  e f f e c t  o f  hav in g  a g r e a te r  
c o n c e n tr a t io n  o f  h y p o c h lo r i te  o v er t h a t  o f  th e  s u l f id e  and 
th e  r e s u l t s  a r e  ta b u la te d  i n  T ab le  19* The r a t i o  h e re  
in c r e a s e s  to  a maximum o f  a lm o st 8 showing t h a t  In c re a s e  
i n  c o n c e n tr a t io n  o f  h y p o c h lo r ite  w ith  r e s p e c t  t o  s u l f id e  
c o n c e n tr a t io n  in c r e a s e s  th e  fo rm a tio n  o f  s u l f a te *
I n  round ing  o u t th e  s tu d y  o f  th e  e f f e c t  o f  c o n c e n tra ­
t i o n  on th e  r e a c t io n  o f  h y p o c h lo r i te  w ith  s u l f id e  in  b a s ic  
s o lu t io n  i t  was deemed a d v is a b le  to  in v e s t ig a te  th e  p o s s l -
If f l
b i l i t y  o f  th e  e f f e c t  o f  ex cess  h y p o c h lo r i te  on c o l lo id a l  
s u l f u r  and th e  e f f e c t  o f  sodium h y d ro x id e  on c o l lo id a l  
s u l f u r *
T ab le  20 shoes t h a t  th e  r a t e  o f  r e a c t io n  o f  hypo* 
c h l o r i t e  on c o l l o i d a l  s u l f u r  I s  v e ry  slow# The r a t e  was 
s tu d ie d  by th e  d isa p p e a ra n c e  o f  th e  h y p o c h lo r i te  a s  deter** 
m ined by a d d i t io n  o f  a c i d i f i e d  p o tassium  Io d id e  s o lu t io n  
and t i t r a t i o n  o f  th e  io d in e  s e t  f r e e  a t  d i f f e r e n t  tim es#
The r e s u l t s  a r e  ex p re sse d  i n  cc»*s o f  s ta n d a rd  th io s u l f a te #  
T h is  r e a c t io n  th e n  can n o t have any in f lu e n c e  on th e  
g ra v im e tr ic  d e te rm in a tio n s  o f  s u l f a t e  a s  p re v io u s ly  d i s ­
cu ssed  s in c e  th e  e x c ess  h y p o c h lo r i te  was d e s tro y e d  w ith in  
one o r  two m in u tes  a f t e r  th e  fo rm a tio n  o f  th e  c o l lo id a l  
s u l f u r  and i t  i s  seen  i n  th e  t a b le  t h a t  th e r e  I s  no 
a p p re c ia b le  a c t io n  u n t i l  ab o u t tw en ty  m in u tes h a s  e lapsed#
Sodium h y d ro x id e  i s  known to  r e a c t  w ith  s u l f u r  even 
a t  o rd in a ry  te m p e ra tu re s  b u t th e  r a t e  o f  th e  r e a c t io n  i s  
v e ry  slow# However, we d e s ire d  d e f i n i t e  in fo rm a tio n  in  
re g a rd  t o  t h i s  r e a c t io n  a t  room tem p e ra tu re  and a l s o  a t  
v a r io u s  c o n c e n tr a t io n s  o f  base# The r e s u l t s  a r e  shown in  
T ab le s  2 1 , 2 2 , and 22S#
The method i n  T ab le  21 was as  fo llo w s!  From th e  
fo re g o in g  d e te rm in a t io n s  o f  th e  r a t i o  o f  h y p o c h lo r ite  
to  s u l f i d e  we mixed as n e a r ly  e q u iv a le n t q u a n t i t i e s  o f  
s u l f i d e  and h y p o c h lo r i te  a s  p o s s ib le  and added a v e ry  
s l i g h t  ex c ess  o f  s u l f id e  to  In s u re  com plete e l im in a t io n  
o f  h y p o c h lo r ite #  Ho f u r th e r  a d d i t io n  o f  base  was added
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t o  t h i s  so lu tio n , s in c e  we w ished to  d e te rm in e  th e  a c t io n  
o f  th e  b ase  p roduced  by th e  r e a c t io n  I t s e l f #  The s o lu t io n  
had  a b a s i c i t y  o f  0*0308 N a s  d e te rm in ed  by t i t r a t i o n  
w ith  s ta n d a rd  a d d *  The c o u rse  o f  th e  r e a c t io n  can be 
fo llo w ed  hy t i t r a t i o n  o f  th e  in c r e a s e  i n  red u c in g  power 
s in c e  s u l f u r  and sodium h y d ro x id le  r e a c t  a s  fo llo w s!
6HaOH ♦  88 * j&NssS ♦ Ha jS |0 |  ♦ 3HgO 
The re d u c in g  power a t  any tim e may be d e term in ed  by p ip e t t in g  
a  p o r t io n  o f  th e  s o lu t io n  in t o  an  ex c ess  o f  a c id i f i e d  
io d in e  s o lu t io n  and back t i t r a t i n g  th e  io d in e  w ith  t h i o -  
s u l f a te *
The r e s u l t s  show t h a t  th e  a c t io n  I s  v e ry  slow w ith  
th e  b a s i c i t y  above m entioned* N ote shou ld  be made th a t  th e  
ee#*s o f  io d in e  red u ced  a re  r e p o r te d  a s  ce# f s o f  0*01 K 
io d in e  w h ile  th e  o r i g i n a l  s o lu t io n s  were 0*1 Iff# Accord* 
ln g ly ,  a  b e t t e r  i n s i g h t  i n to  th e  a c tu a l  p ro p o r tio n  o f  s u l -  
f u r  r e a c t in g  can  be seen  by d iv is io n  o f  th e  ec#*s o f  
io d in e  by ten #
T ab le  22 shows th e  r a t e  o f  th e  r e a c t io n  when th e  s o lu -  
t l o n  i s  made 1 I  w ith  r e s p e c t  to  b ase  and we f in d  a con­
s id e r a b le  in c r e a s e  i n  th e  r a te *
T ab le  S3 w ith  a b a s i c i t y  o f  S N seems to  have a s low er 
a c t io n  on s u l f u r  th a n  does a 1 N s o lu tio n *
However, th e  r e s u l t s  a r e  more or l e s s  m ean in g less 
from  a  q u a n t i t a t i v e  p o in t  o f  view  s ln o e  th e re  a r e  too  
many f a c t o r s  a t  p la y  to  ex p ec t any c o n s ts te n t  r e s u l t s #
The in c o n s i  a te n e y  o f  th e  r e s u l t s  i s  shown by a com parison 
o f  T a b le s  28 and 24 b o th  o f  w hich wore ru n  I n  £ N b a s is  
s o lu t io n *  T here  i s  a  c o a g u la t io n  o f  th e  c o l l o i d a l  s u l f u r  
and f i n a l l y  a  p r e c i p i t a t i o n  i n  th e s e  s o lu t io n s *  th e  r a t e  
o f  c o a g u la t io n  and p r e c i p i t a t i o n  depending upon th e  con­
c e n t r a t io n  o f  e l e c t r o l y t e  p re se n t*  so no d e f i n i t e  c o n c lu s io n  
can  be re a c h e d  e x c e p t th e  q u a l i t a t i v e  s ta te m e n t t h a t  th e  
r a t e  i s  to o  slow  to  a f f e c t  th e  p rev io u s  d e te rm in a tio n s  
which* o f  cou rse*  was o u r o r i g i n a l  in te n t io n *
I n  co n c lu d in g  t h i s  p o r t io n  o f  th e  in v e s t ig a t io n *  
we checked th e  r e s u l t s  o f  Sgevens (2 ) and Johnson (3) 
i n  a c id  s o lu t io n *  i . e .  q u a n t i t a t iv e  c o n v e rs io n  o f  s u l f id e  
t o  s u l f a te *  The r e s u l t s  a r e  g iv en  in  T ab les  25 and 26 a t  
c o n c e n tr a t io n s  o f  ap p ro x im a te ly  0*1 N and 0*05 N r e s p e c t iv e ly *  
The e x p e rim e n ta l r a t i o  i s  shown to  l i e  v e ry  c lo s e  to  th e  
t h e o r e t i c a l  r a t i o  o f  4*
I n  th e  above i t  was found t h a t  i f  th e  s u l f id e  were 
added a t  a  m odera te  r a te *  c o l lo id a l  s u l f u r  n e v e r  became 
a p p a re n t i n  th e  so lu tio n *  However* i f  th e  s u l f id e  be added 
r a p id ly  th e  f u g i t i v e  ap p earan ce  o f  c o l lo id a l  s u l f u r  can 
be o b se rv ed  b u t i t  im m ed ia te ly  d is s o lv e s *  We* th e re fo re *  
became i n t e r e s t e d  to  know i f  th e  same r e s u l t  would be 
o b ta in e d  i f  th e  r e a c t io n  was c a r r ie d  o u t i n  b a s ic  s o lu t io n  
i n  th e  p re se n c e  o f  an ex cess  o f  h y p o c h lo r ite  and th en  a c ld l*  
f le d *  T h is  was found to  be th e  ca se  ex cep t t h a t  th e  r e s o ­
l u t i o n  o f  th e  s u l f u r  was n o t  in s ta n ta n e o u s  b u t re q u ire d
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from  m e  t o  s e v e r a l  m in u te s  depending  upon th e  tim e th e  
b a s ic  s o lu t io n  was a llo w ed  to  s ta n d  b e fo re  a d d i t io n  o f  th e  
a d d  ( c o a g u la t io n  e f f e c t ) *  The r e s u l t s  o f  a  t y p i c a l  ru n  
a r e  shown In  f a b le  27 f where th e  app rox im ate  r a t e  o f  con­
v e r s io n  w ith  tim e h a s  been determ ined*
2* T em peratu re E f f e c t  






The r e a c t io n  was s tu d ie d  a t  0 ° by a llo w in g  p o r t io n s  
o f  s u l f i d e  and h y p o c h lo r i te  to  come to  0 °  i n  an  l e e  b a th  
and th e n  m ixing* The r a t i o  o f  h y p o c h lo r ite  to  s u l f id e  was 
th e n  d e te rm in ed  i n  th e  manner p re v io u s ly  d isc u sse d *
The r e a c t io n  was ru n  a t  25°# 5 0 ° , and 75° i n  a therm o­
s t a t  a c c u ra te  to  - 1 °  which proved to  be a c c u ra te  enough 
s in c e  a t  th e  low er te m p e ra tu re s  th e  tem p e ra tu re  e f f e c t  i s  
r e l a t i v e l y  sm a ll and a t  th e  h ig h e r  te m p e ra tu re s  th e r e  a re  
s e v e r a l  so u rc e s  o f  e r r o r  which a r e  l a r g e r  th a n  any e r r o r  
p roduced  by a  v a r i a t i o n  o f  a d eg ree  o r  so i n  tem p era tu re*
The r e a c t io n  a t  100° was ru n  by b r in g in g  th e  r e a c ta n t s  
t o  a  b o l l  and m ixing* T h is  te m p e ra tu re  w i l l  be a  f r a c t i o n  
o f  a  d eg re e  h ig h e r  th a n  100° due to  th e  p re sen ce  o f  e le c ­
t r o l y t e s  b u t t h i s  e r r o r  I s  n e g l ig ib ly  sm all*
The r e s u l t s  o f  th e  i n v e s t ig a t io n  o f  th e  e f f e c t  o f
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te m p e ra tu re  a g re  g iv e n  i n  T ab le s  8 8 , 8 9 , 8 0 , 8 1 , and 58*
I t  i s  e v id e n t  t h a t  h ig h  te m p e ra tu re s  fa v o r  th e  fo rm a tio n  
o f  s u l f a t e  and low te m p e ra tu re s  fa v o r  th e  fo rm a tio n  o f  s u l ­
f u r .  A lso , a t  te m p e ra tu re s  up to  50° th e  r a t i o  rem ains 
p r a c t i c a l l y  c o n s ta n t  f o r  v a r io u s  q u a n t i t i e s  o f  s u l f id e  
added t o  a c o n s ta n t  volume o f  h y p o c h lo r i te ,  b u t  above t h i s  
te m p e ra tu re  th e r e  i s  a  c o n s id e ra b le  v a r ia t io n *
A lthough  sodium h y p o c h lo r i te  s o lu t io n s  a r e  compara­
t i v e l y  s t a b l e  a t  o rd in a ry  te m p e ra tu re s , th ey  r a p id ly  decom­
pose  a t  h ig h e r  te m p e ra tu re s  y ie ld in g  c h lo r a te  so a t  th e  
h ig h e r  te m p e ra tu re s  and p a r t i c u l a r l y  a t  100° we a r e  p ro b ab ly  
s tu d y in g  th e  a c t io n  o f  c h lo r a te  r a th e r  th a n  h y p o c h lo r ite  
on s u lf id e *
T here  a r e  o th e r  f a c to r s  a l s o  which become prom inent 
a t  th e  h ig h e r  te m p e ra tu re s  such as th e  r a p id  a c t io n  o f  
b ase  on s u l f u r  a s  w e ll a s  th e  r a p id  o x id a t io n  o f  s u l f id e  
by a tm o sp h e ric  o x id a tio n *
I t  I s  e v id e n t ,  t h e r e f o r e ,  t h a t  we can n o t la y  much 
em phasis on th e  r e s u l t s  a t  75° and 100° b u t th e y  were 
d e te rm in ed  more o r  l e s s  f o r  th e  sake o f  in fo rm a tio n  and 
a l s o  to  b e t t e r  round o u t th e  s tu d y  o f  th e  e f f e c t  o f  tem p era tu re*
The e f f e c t  o f  te m p e ra tu re  a t  0 ° ,  8 5 ° , and 50° i s  
p ro b a b ly  th e  t r u e  e f f e c t  o f  te m p e ra tu re  on th e  mechanism, 
s in c e  th e  seco n d ary  r e a c t io n s  d is c u s s e d  above a r e  n e g l i ­
g ib le  a t  th e s e  tem p era tu res*
14E
3* pH Effect
T hroughout th e  fo re g o in g  s tu d y  th e  a u th o r  had r e a l i z e d  
t h a t  some o th e r  f a c t o r  was a c t in g  o th e r  th a n  c o n c e n tra t io n  
o r  te m p e ra tu re , and had concluded  t h a t  i t  m ust be a  pH 
e f f e c t*  S tev en s  (S) had d e f i n i t e l y  sh o rn  t h a t  th e  r e a c t io n  
I n  a d d  and i n  b a s le  s o lu t io n  was d i f f e r e n t*  I t  became 
a p p a re n t ,  t h e r e f o r e ,  t h a t  f o r  a  com plete u n d e rs ta n d in g  o f  
th e  r e a c t i o n ,  we .would have to  d e te rm in e  th e  eo u rse  o f  
th e  r e a c t io n  a t  v a r io u s  pH v a lu e s  and we d e s i r e d  to  do t h i s  
e v e r  th e  e n t i r e  pH s c a le  i f  p o ss ib le *
S in ce  th e  r e a c ta n t s  a r e  b o th  b a s ic  i n  n a tu re  and s in c e  
b ase  h as  been shown to  be produced i n  th e  r e a c t io n ,  i t  
was d e c id ed  to  c o n t r o l  th e  pH by u se  o f  b u f fe rs *  Those g iv en  
by C la rk  and Lubs (409) were u sed  in  t h i s  work* In  g e n e ra l  
th e  pH o f  th e  h y p o c h lo r i te  s o lu t io n s  w i l l  ru n  s l i g h t l y  
l e s s  th a n  pH «  12 and th e  s u l f id e  s o lu t io n s  s l i g h t l y  h ig h e r  
th a n  IS  depending  upon th e  c o n c e n tra tio n *
I n  t h i s  work i t  was found n e c e s s a ry  to  u se  r a th e r  
d i l u t e  s o lu t io n s  s in c e  h y p o c h lo r i te  i n  a c id  s o lu t io n s  te n d s  
t o  lo s e  c h lo r in e *  I t  was found co n v e n ien t t o  u s e  100 ec* 
o f  b u f f e r  s o lu t io n  to  which was added 10 ec* o f  th e  hypo* 
c h l o r i t e  s o lu t io n ,  and to  t h i s  add q u a n t i t i e s  o f  sodium 
s u l f id e  s o lu t io n  v a ry in g  from 2 to  5 ec* The e f f e c t  o f  
d i l u t i o n  m ust be k e p t i n  m ind, b u t by ru nn ing  a s  above th e r e  
I s  a t  a l l  t im e s  a h y p o c h lo r i te  s o lu t io n  o f  c o n s ta n t con* 
c e n tr a t io n *  The c o n c e n tra t io n  o f  th e  added s u l f id e  i s  a ls o
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c o n s ta n t ,  and i t  was found t h a t  th e  s l i g h t  v a r i a t i o n  o f  
th e  q u a n t i ty  o f  s u l f i d e  s o lu t io n  added had no m a te r ia l  
e f f e c t*  T hus, we sh o u ld  he m easuring  th e  e f f e c t  o f  pH alone*
Xt was found t h a t  th e  pH o f  th e  b u f fe r  s o lu t io n  h e ld  
v e ry  w e ll  upon th e  a d d i t io n  o f  10 ee* o f  h y p o c h lo r i te  to  
100 ec* o f  th e  b u f f e r  s o lu t io n ,  a lth o u g h  th e r e  was & few 
t e n th s  o f  a  pH change i n  p r a c t i c a l l y  a l l  cases*  I t  was 
f u r t h e r  found t h a t  th e  a d d i t io n  o f  th e  s u l f id e  s o lu t io n  
caused  no f u r t h e r  change in  th e  pH exceed ing  0*1 pH i n  any 
e a s e ,  so th e  pH o f  th e  s o lu t io n  o f  th e  b u f fe r  p lu s  th e  
h y p o c h lo r i te  was ta k e n  a s  th e  pH a t  which th e  r e a c t io n  
o ccu rred *
A ll  m easurem ents o f  pH were made w ith  a g la s s  e le c t ro d e  
and th e  p o te n t io m e tr lc  c i r c u i t  a s  p re v io u s ly  d esc rib ed *
The r e s u l t s  a r e  g iv en  i n  d e t a i l  i n  T able 33 , and 
summed up i n  T ab le  34* In  th e  g raph  pH i s  p lo t t e d  a g a in s t  
th e  r a t i o  o f  h y p o c h lo r i te  to  s u lf id e *
From th e  g raph  i t  i s  seen  t h a t  th e  cu rve  i s  co m p ara tiv e ly  
smooth w ith  a d i s t i n c t  minimum a t  abou t a pH o f  10 , th e  
r a t i o  in c r e a s in g  b o th  to  th e  l e f t  and to  th e  r i g h t  o f  
t h i s  c r i t i c a l  va lu e*  Towards th e  a c id  end th e r e  i s  a 
g ra d u a l in c r e a s e  i n  th e  fo rm a tio n  o f  s u l f a t e  from pH o f  
10 to  pH o f  2 where th e r e  i s  a  q u a n t i t a t iv e  fo rm a tio n  o f  
s u l f a te *  On th e  b a s ic  s id e  o f  pH 10 th e r e  i s  a more r a p id  
r i s e  i n  th e  cu rv e  which a ls o  in d ic a t e s  in c r e a s e  o f  s u lf a te *
I t  i s  e v id e n t t h a t  a s  we in c r e a s e  th e  c o n c e n tra t io n  o f  b ase  
we app roach  a r a t i o  o f  4 and i f  th e  b a s i c i t y  o f  th e  r e a c t io n
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medium I s  in c re a s e d  to  3 N, no s u l f u r  ap p e a rs  I n  th e  r e a c t io n  
end th e  r a t i o  becomes 5*93 o r  4 w ith in  e x p e rim e n ta l e r ro r*  
T h is  i n d ic a t e s  t h a t  In  b a s ic  s o lu t io n s ,  4 I s  a g a in  th e  
l im i t i n g  v a lu e ,  i* e *  q u a n t i t a t i v e  c o n v e rs io n  t o  s u lf a te *
S in c e  i t  i s  known t h a t  t h i o s u l f a t e  i s  one o f  th e  
p ro d u c ts  o f  th e  r e a c t io n  o f  sodium h y d ro x id e  on s u l f u r ,  
ve  w ished  to  know th e  a c t io n  o f  sodium h y p o c h lo r i te  on 
t h i o s u l f a t e  a t  a  pH o f  14 (1 ,5  N w ith  NaOH)* The r e s u l t s  
a r e  shown i n  T ab le  35* The r a t i o  o f  t h i o s u l f a t e  to  hypo* 
c h l o r i t e  i s  seen  to  be 8*04* The t h e o r e t i c a l  r a t i o  o f  
h y p o c h lo r i te  to  t h i o s u l f a t e  f o r  th e  q u a n t i t a t iv e  o x id a tio n  
o f  t h i o s u l f a t e  to  s u l f a t e  I s  8*00* Xt i s  e v id e n t ,  th e re *  
f o r e ,  t h a t  th e r e  i s  a q u a n t i t a t iv e  c o n v e rs io n  o f  th io s u l*  
f a t e  to  s u l f a t e  by an ex c ess  o f  h y p o c h lo r i te  a t  t h i s  





QUALITATIVE TESTS FOR SULFIDE AND SULFATE UPON THE ADDITION 
OF INCREASING QUANTITIES OF SULFIDE TO A GIVEN AMOUNT 
OF HXPOCHLORITB. DETERMINATION OF RESIDUAL OXI­
DIZING OR REDUCING POWER, DETERMINATION OF 
CHANGE IN BASICITY
S o lu t io n s I  0 .004740 N N a,S T eap . «  £4°
0.005000 N N&0C1 
0.005000 N BC1 
0 .01000  N Naa8a0 a
HaOCl c o n s ta n t  a t 50 oc*
H i
i i > a
5
Ox* Power 
H a * S ,0 ^
B a s ic i ty  
H e r  . .
T e s t
S u lfi& e
T e s t
S u lf a te
Bed#
Power
80*85 59*91 Neg* Pos*
10 16*87 48*50 a a *M»
16 11*88 44*00 a a *M*
80 7*71 45*94 a a *M*
85 5*55 47*80 a a «*•#
60 49*75 P o s . a 0 .8 0
65 ~ 51*47 a a £ .3 0
40 — 55*15 a 4 ,8 0
45 55*18 a a 6 .2 8
50 - 56*16 a a 7 .8 7
BOTEt O r ig in a l  b a s ic i ty /5 0  cc* NaOCl * 56*19 cc* HC1
•  * /S 5  o e . HaaS ■ 8 ,6 6  * •
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TABLE 8
DETERMINATION OF TBE RATIO OF EQUIVALENTS OF NAOCL TO 
EQUIVALENTS OF KAaS USED IN THE REACTION FROM 
THE DATA IN TABLE X
e e .  Naa6 e e .  Naa8a0 a Bq. NaOCl Eq. Naa8 R a tio
«  10* X 10* MaOCl/Na,B
5 .0 0 SO *S3 4 .7 7 £ .3 7 £ .0 1
10*00 1 6 . £7 8*73 4*74 1*84
15*00 11*88 1 3 .12 7*11 1*85
SO *00 7 .7 1 17 .29 9*48 1*82
£5*00 5*35 2 1 .0 5 11*85 1*83
1*84
TABLE 6
DETERMINATION OF THE RATIO NAOCL/NA.S IN APPROXIMATELY
0 .8  N SOLUTIONS
S o lu t io n s !  0 .2221  N NaaS Temp. *  25®
0 .8856  N NaOCl 
0 .1 0 6 6  N X 
0 .1 0 2 8  N Naa8a0 a
NaOCl c o n s ta n t  a t  85 e e .
e e .  NaaS e e .  NaaSaOa E q. NaOCl Eq. Naa8 R a tio
X 10* x  10* NaOCl/Na.S
mmmmm— m m rnm ' HAimi .................... hhWwmii e0i»l. w a » 3 nnl .|liiffia ,l,
2*50 45*70 1*11 0*58 1*91
5*00 55*50 2*16 1 .1 6 1*36
7*50 23 .20 3*22 1*74 1*85
10*00 1 3 .9 5 4*19 2*32 1*81




DETERMINATION OF THE RATIO NAOCL/NA»S IK APPROXIMATELY
0 .1  M SOLUTIONS
S o lu t io n s I  0 .1200  N Na.S Temp. •  25°
0 .1050  N NaOCl 
0 .1063  N I  
0 .1088  N H & |£ |0 |
NaOCl c o n s ta n t  a t  50 o c .






5*00 4 0 .3 1 1 .0 6 5 0*600 1*73
10*00 30*14 2 .120 1*200 1*77
15*00 19*92 5 .180 1*300 1*77
2 0 .0 0 3*65 4 .550 2*400 1*76
1*78
TABLE 5
DETERMINATION OF THE RATIO NAOCL/NAaS
0*05 N SOLUTIONS
IN APPROXIMATELY
S o lu t io n s i  0*0515 N NaOCl 
0*0561 N NaflS 
0 .1062  N I  
0 .1033  N N a,S8Oa
Temp. » 25*
NaOCl c o n s ta n t a t  50 ce*






5*00 1 9 .7 0 0*545 0*2805 1*94
10*00 14 .60 1*050 0*5610 1*87
15*00 10*00 1 .549 0*8415 1*34
20*00 4*55 2*110 1*122 1*63




INVESTIGATION OF THE APPLICABILITY OF THE BENZIDINE SULFATE 
METHOD TO THE DETERMINATION OF THE QUANTITY OF SULFATE 
ARISING IN THE REACTION BETWEEN NAOCL AND NAaS AT 
AT CONCENTRATIONS OF APPROXIMATELY 0 .8  N
S o lu t io n s !  Known s u l f a t e  s o lu t io n  
(2 .6 4 8 8  g n . (NH*)8804/L )
B en z id in e  h y d ro c h lo r id e  s o lu t io n  
0 .05467  N NaOH
Known E q . S04 e c .  NaOH E xp t1!  Eq. S04 % E rro r
0*0002 8 .7 4 0.0002045 ♦ 2 .2 5
0*0004 7*20 0*0003936 -1 .6 0
0*0006 11 .00 0.0006014 ♦ 0 .2 3
0*0008 14 .70 0.0008037 ♦0*50
0*0010 18 .00 0.0009841 •1«59
TABLE 7
APPLICATION OF THE METHOD TO THE DETERMINATION OF SULFATE 
PRODUCED IN THE REACTION BETWEEN SULFIDE AND HYPOCHLORITE
METHOD 1
S o lu t io n s !  0.S1S8 N NaOCl Temp. »  84°
0 .8125  N Na.S 
0 .05467 N NaOH 
B en z id in e  h y d ro c h lo r id e













5*00 5 .4 0 0 .2954 1.0625 0.7671 2 .60
10*00 1 7 .37 0 .9501 2.1250 1.1749 1 .3 4
1 5 .0 0 22 .50 1 .2 3 1 3 .1875 1*9565 1 .5 9
2 0 .0 0 27*90 1 .526 4.2500 2.7240 1 .7 9
25*00 3 3 .7 0 1 .8 4 3 5.3125 3*4695 1 .8 8
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TABLE 8
DETERMINATION OF SULFATE 
METHOD 2
S o lu tio n s !  0,21820 N NaflS Temp, « 23°
0 .2128  N NaOCl 
0 .05467 N NaOH 
B en z id in e  h y d ro c h lo r id e





E q . SO4 
X 10*
Eq, S u lf id e  
x  10*
e q * s
x  10*
R a tio
s / s o *
5 .0 0 6 .9 9 0 .3 3 2 1 1,11 0 .7 2 8 1 .9 0
10.00 1 4 .7 0 0 .8 0 3 7 2,22 1 ,4 1 6 1 ,7 7
1 5 .0 0 8 3 .2 7 1 .2 7 2 3 .3 3 2 ,0 6 1 ,6 2
20.00 3 1 .5 5 1 .7 2 5 4 .4 4 2 ,7 2 1 .5 8
2 5 .0 0 4 1 .0 0 2 .2 4 1 5 .5 5 3 ,3 1 1 ,4 8
TABLE 9
DETERMINATION OF SULFATE 
METHOD 3
S o lu tio n s !  0 .2152  N Na*S Temp. « 23°
0 .2128  N NaOCl 
0 .05467 H NaOH 
B en zid in e  h y d ro c h lo r id e





Eq, SO4  
x  10*





S /so * ,
5 .0 0 8 .0 1 0 .4 3 7 9 0 .0 7 6 0 ,6 3 8 1 .4 5
1 0 ,0 0 2 0 .0 3 1 .0 9 5 2 .1 5 2 1 .0 5 7 0 .9 6 5
1 5 .0 0 2 7 .2 5 1 .4 9 0 3 .2 2 6 1 ,7 3 8 1 .1 6 5
2 0 ,0 0 3 1 .6 0 1 .7 2 8 4 .  304 2 .5 7 6 1 .4 9
2 5 .0 0 3 6 .2 5 1 .9 8 2 5 .3 8 0 3 ,3 9 8 1 .7 1
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TABLE 10
DETERMINATION OP SULFATE 
METHOD 4
S o lu tio n s*  0*2870 N Na*S Temp* »  24°
0*8400 N NaOCl 
0*05467 N NaOH 
B en z id in e  h y d ro c h lo r id e
25 ce* NaOCl 4 10 cc* Na«S 4 50 ec* 0 .1  N a c id  4  20 ec* H*0j




Eq* Na*S Eq* S 
x 10* x 10*
R a tio
8/|S04
1 12*74 0*697 2*27 1*575 2*26
2 12*83 0*705 * 1*567 2*23
8 12*51 0*684 * 1*586 2*52
4 12*78 0*698 * 1*572 2*26
TABLE 11
DETERMINATION OF THE SULFATE CONTENT OF Z% HYDROGEN PER* 
OXIDE BY THE BENZIDINE SULFATE METHOD
S o lu tio n s*  0*05467 N NaOH




CORRECTION OF TABLE 10 FOR SULFATE IN HYDROGEN PEROXIDE
Sola* No* R a tio  S/SQ4
1 2*44





DETERMINATION OF THE SULFATE CONTENT OF 30* HYDROGEN
PEROXIDE
S o lu tio n s*  0 .05467  N NaOH
B en z id in e  h y d ro c h lo r id e
o c . H^Oa c c .  NaOH




DETERMINATION OF SULFATE FORMED IN THE REACTION BETWEEN 
NAOCL AND NA.S OF APPROXIMATELY 0 .8  1
S o lu tio n * I  0 .2 2 2  N N a.6  Temp. * £4°
0 .2 4 0  N NaOCl 
0 .05467 N NaOH 
B en z id in e  h y d ro c h lo r id e
;e* HaaS cc* NaOH 
C o rre c te d







10*00 10*52 0*655 2*22 1*565 2*40
15*00 17*19 0*941 3*33 2 .389 2*52
20*00 24*88 1*360 4*44 3.080 2*26




INVESTIGATION OP THE EFFECT OF INCREASING SULFIDE CON­
CENTRATION OVER THAT OF HYPOCHLORITE
S o lu tio n s !  0 .00545  N NaOCl Temp. “  24°
NaeS a s  shown 
0 .01115  N N a*S ,0 ,
NaOCl c o n s t a n t a t  100 c c .
Cone. NaaS Eq. N&aS Nas SaOa Eq, Na<
HaaS c c . z  10e c e , X 106
0 .2290 1 .0 0 229 15 .88 566
1 .2 0 271 11 .40 456
0 .1610 1 .5 0 242 12.67 404
1 .5 0 242 1 2 .4 4 406
0 .1055 2 .0 0 207 18 ,66 557
2 .0 0 207 19 ,11 532
0 .0710 5 .0 0 215 16 .68 359
4 .0 0 284 5,86 480
0 .0497 5 .0 0 248 .5 9 .7 5 436













0 .0 0 4 7 4  See T ab le  2 1 .8 4
TABLE 16
DETEBKIH ATI ON OF THE EFFECT OF THE RATE OF ADDITION OF
NAaS TO NAOCL
S o lu t io n s :  0 .00545 N NaOCl Temp. * 84°
0.04950 N Na3S 
0.01115 N Na2SaOs
Eq, Na.S Eq. NaOCl R a tio
x  106 X 10* NaOCl/Na8S
FAST 2 4 6 .6  411 .5  1*67
10-15  S e e . 246 .5  414 .5  1 .0 9
SLOW 2 4 6 .5  455 .0  1 ,76
200 S ee . 2 4 8 .5  4 5 8 .2  1 .7 5
1 5 5
TABLE 17
DETERMINATION OF THE EFFECT OF ADDING NAOCL TO NA*S
S o lu t io n s t  0*00545 N NaOCl Temp* * 24?
0*04930 N N&gS 
0 .01115 N Na3Sa03
Add 100 ec* NaOCl to  5 ec* Na*S
Eq* NaaS Eq. NaOCl R a tio




DETERMINATION OF THE RATIO WHEN VARIOUS QUAMTITES OF APPROXI­
MATELY 0*05 SULFIDE ARE ADDED TO A DEFINITE AMOUNT OF 
APPROXIMATELY 0 .3  N HYPOCHLORITE
S o lu t io n s I  0*0477 N NaaS Tamo* « 25°
0 .3050  N NaOCl 
0*1001 N Na,S*0»
NaOCl c o n s ta n t a t  10*00 ce*
ec* Na8S ec* Na3Sa09 Eq. Na*S Eq* NaOCl R a tio
_________________    x  10e x  10» NaOCl/NaaS
5*00 24*76 238*5 574 2*40
10*00 19*35 477 1115 2*34
15*00 14 .4 8 715 1608 2 .2 5
20*00 9*62 954 2038 2*19
25*00 4 .4 7 1191 2603 2 .1 3
30*00 0*13 1431 3037 2*12
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TABLE 19
DETERMINATION OF THE EFFECT OF INCREASING HYPOCHLORITE 
CONCENTRATION OVER THAT OF SULFIDE
S o lu t io n s *  0*0203  N Naa S Temp* *  23°
NaOCl a s  shown
0 .1001  N Naa SaO$
m e* NaOCl Eq* NaaS 
x  10*
E q. NaOCl 
x  10*
R a t io
N aO C l/»aaS
0*3050 203 602 2*96
0*20 2 4 203 537 2*64
0*1503 203 469 2*31
0*0980 203 440 2*14
0 *05 2 5 304*5 626 2*06
0*0185 1 8 2 .7 340 1*86
TABLE 20
DETERMINATION OF THE RATE OF REACTION OF NAOCL ON COLLOIDAL
SULFUR IN BASIC SOLUTION
S o l u t i o n s I  0*0523  N N&aS Temp* *  24®
0*1032 N NaOCl
0 .1 0 0 1  N N aaSa0 a B a s i c i t y  s h o u t  0*1  N
0 .1 0 6 1  N I
1 5  ec*  Na*S a d d ed  t o  25  cc* NaOCl and t h e  r e s i d u a l .  oxi«> 
d i z i n g  pow er d e te rm in e d  on s e p a r a t e  s o l u t i o n s  a t  th e  t im e  
i n t e r v a l s  shown*
Tim e cc* Naa S209
min a
rnJSEBBmmmm
0 1 0 .8 1
5 1 0 .8 1
20 1 0 .4 8
87 1 0 .4 1
98 9 .9 7
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TABLE 21
STUDY OF THE RATE OF REACTION OF NAOH ON COLLOIDAL SULFIJR
BASIC NORMALITY -  0 ,0808
S o lu tio n s !  0 .01058 N I  Temp. * 21®
0.01122 H Na*S*0,
B a s is  o f  C a lc u la t io n !  25 c c .  I
Time cc* N&fSiO^ Eq* c c . X CC* X Reduced
1?  o in * £$•31 23 .7 2 1 .2 8
34 * 2 2 ,0 5 23*45 1 .5 5
59 * 81*80 23*20 1 .8 0
16*3 h rs* 18 ,20 19 .33 5 .6 7
24*3 * 1 7 .70 18 .80 6 .2 0
3 8 .5  • 17 .77 18*89 @•11
TABLE 22
STUDY OF THE RATE OF REACTION OF NAOH ON COLLOIDAL SULFUR
BASE NORMALITY = 1 ,0
S o lu t io n s i  0 .01058 N I  Temp. * 21°
0.01128 N N a#S ,0 ,
B a s is  o f  C a lc u la t io n !  25 c c . X
Time c c .  NaaS,Oa Eq. c c .  I  c c .  X Reduced
M inu tes .   _ _ _ _ _ _ _ _ _
0 18 .70  1 9 .90  5 .1 0
14 18 .15  19 .80  5 .7 0
41 14 .80  15 .20  9*80
253 1 3 .0 2  1 8 .8 4  1 1 .1 8
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TABLE 88
STOUT OF THE RATE OF REACTION OF NAOH ON COLLOIDAL SULFUR
BASE NORMALITY » £ .0
S o lu t io n s !  0 .01058  N I  Temp. »  £0°
0 .01188  N NaaSaOa
B a s is  o f  C a lc u la t io n !  £5 e e .  X
Tima e e .  NaaSaOa Eq. e e .  I  e c .  I  Reduced
    ___________________
15 1 8 .5 5  1 9 .88  5 .1 8
SO 1 8 .4 8  1 9 .64  5 .8 6
45 1 7 .8 5  1 8 .99  6 .0 1
60 1 7 .8 0  18 .40  6 .6 0
75 1 7 .1 4  1 8 .8 8  6 .7 7
90 1 6 .6 1  1 7 .70  7 .8 0
105 1 6 .10  17 .10  7 .9 0
1£0 1 5 .8 8  16 .80  8 .7 0
TABLE £4
STUDY OF THE RATE OF REACTION OF NAOH ON COLLOIDAL SULFUR
BASE NORMALITY * 2 .0
S o lu t io n s :  0 .01115  N Naa8a0 a Temp. *  88°  
0 .01057  N I
B a s is  o f  C a lc u la tio n !  10 e e .  X
Tim* e e .  NaaSaOa Eq. e e .  X e e .  X Reduced
M l m i f  ------------------------- --------------------  -----------------------------
15 4 .4 0  4 .1 7  5 .8 8
80 4 .0 8  8 .8 6  6 .1 4
45  8 .9 8  8 .7 1  8*89
60 8 .5 1  8 .8 8  6 .6 8
105 8 .9 6  8 .8 0  7 .8 0
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TABLE 25
DETERMINATION OF THE RATIO NAOCL/NA,S IN ACID SOLUTION WITH 
APPROXIMATELY 0 .1  N SOLUTIONS -  PH ABOUT 1
S o lu t io n s !  0 .1120  N NaaS Temp. »  24°
0 .1 0 4 2  N NaOCl 
0 .1062  H I  
0 .1 0 3 3  N N a,S *0 ,
NaOCl c o n s ta n t  a t  50 e e .
ee* Nas S ee* NaaS*0« Eq* NaOCl 
x  10*




4*00 2 9 .5 2 2*160 0*448 4 .8 7  (x )
5*00 23*70 2*245 0*560 4*01
7 .5 0 17*92 3*560 0*840 4*00
10*00 7 .2 0 4*460 1*120 4*00
11*00 2*56 4*950 1*230 4 .0 2
4*01
(x )T h ls  s o lu t io n  a c id i f i e d  w ith o u t d i lu t io n *  High v a lu e  due 
to  lo s s  o f  c h lo r in e *  N ot In c lu d e d  in  average*
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TABLE S6
DETERMINATION OF THE RATIO NAOCL/NA.S IN ACID 80LUTI0N WITH 
APPROXIUATELY 0 .0 8  H SOLUTIONS -  PH ABOUT 1
S o lu t io n s » 0 .0 8 6 1  N Na*S Temp. ■ SS°
0 .0 5 1 8  N NaOCl 
0 .1 0 6 8  N I  
0 .1 0 3 8  N N a,S#0 ,
NaOCl c o n s ta n t  a t  SO s o .
60* NA|S GC. S A |S |0 | Eq* NaOCl 
x  10*




5*00 18*90 0 .7 0 0 0 .1685 4 .1 5 (x )
5*00 15 .70 1 .165 0 .8305 4 .0 0
7*00 9*65 1.586 0 .5987 4 .0 4
9*00 5*55 8.050 0.5049 4 .0 8
10*50 8*54 8*540 0.5900 5 .9 7
4*01
(x)N ot In c lu d e d  i n  a v e ra g e .
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TABLE 87
STUDY OP THE EFFECT OF ADDITION OF ACID AFTER THE ADDITION
OF SULFIDE
S o lu tio n s*  0*0561 N NaaS Temp* * 88°
0*0515 N NaOCl 
0*1068 N I  
0*1055 N Na8SsOa
NaOCl c o n s ta n t a t  50 ee*










v e r s io n
5 see* 1 5 .00 1*050 0*3987 8*62 65
15 see* 11*68 1*57 0*3987 3*48 87
5 min* 9*98 1*557 0*3987 3*96 99
TABLE 88
DETERMINATION OF THE RATIO NAOCL/MAaS AT
0 °  C.
S o lu tio n s*  0*0507 N NaOCl 
0*0544 N Na8S 
0*1063 N I  
0 ,1058  N NasSa0a
NaOCl c o n s ta n t  a t  50 ee*
ce* Na.S cc* Nas Sa0a Eq* NaOCl Eq* Nas S R a tio
_    x  10* x  10» NaOCl/NaaS
5*00 20*00 0*465 0*872 1*71
10*00 14*60 0 .940 0*544 1*75
15*00 10*83 1*411 0*816 1*74
20*00 6*80 1*890 1*088 1 .7 0
25*00 2*15 2*310 1*560 1*73
1*72
TABLE 29
DETERMINATION OF THE RATIO NAOCL/NAaS
25° C.
AT
S o lu t io n s t  0 .0 5 1 5  N NaOCl 
0 .0 5 6 1  N NaaS 
0 .1 0 6 2  N I  
0 .1 0 5 5  N NaaSaOa
NaOCl c o n s ta n t  a t  50 cc •
cc* 9 t |S  cc* NaaSaOa HsOCl
x  10*




5 .0 0 1 9 .70  0 .5 4 5 0*2805 1 .9 4 (x )
1 0 .0 0 1 4 .8 0  1 .0 5 0 0.5610 1 *8?
15 .0 0 1 0 .0 0  1 .5 4 9 0*8415 1*84
SO .0 0 4 .5 5  2 .110 1*1280 1*88
S 5 .00 0 .4 5  2 .540 1*5490 1*88
1 . 8?
(x )N o t in c lu d e d  i n  a v e ra g e .
TABLE SO
DETERMINATION 07 THE RATIO NAOCL/NAaS
50* C.
AT
S o lu tio n s*  0 .0561  N NaaS 
0 .0507  N NaOCl 
0 .1 0 6 2  N I  
0 .1055  N NaaSaOa
NaOCl c o n s ta n t a t  50 cc *






5 .0 0 1 9 .70  0 .6 5 9 0*2305 2*02
1 0 .0 0 1 5 .7 0  1 .117 0*5610 1*99
1 5 .0 0 8 .6 0  1 .6 4 5 0*8415 1*96




DETERMINATION OF THE RATIO NAOCL/NA.S AT
75° C.
S o lu t io n s i  0 .0560  N Na.S 
0 .0 5 4 4  N NaOCl 
0 .1068  N I  
0 .103S  N Naa8a0 a
NaOCl c o n s ta n t  a t  50 c e .
e e .  Naa6 e c .  Na*S*Oa Eq. NaOCl Eq. NaaS R a tio
• ■_________  x  10* x  10» HaOCl/Na.S
7*50 1 5 ,3 5 0 ,9 7 3 0 ,4 2 0 2 ,3 1
1 0 ,00 11 ,40 1 ,353 0 ,560 2 ,4 2
1 2 ,50 7 ,9 0 1 ,720 0 ,7 0 0 2 ,4 6
1 5 ,0 0 4 ,1 6 2 ,100 0 ,840 2 ,6 2
TABLE SB
DETERMINATION OF THE RATIO NAOCL/NAaS AT
100° C.
S o lu tio n s !  0 .0560  N NaaS 
0 .0507  N NaOCl 
0 .1 0 6 8  N I  
0 .10SS N NaaSaOa
NaOCl c o n s ta n t  a t  50 e e .
c e .  Ha*8 c c .  NaaSaOa Eq. NaOCl Eq. NaaS R a tio
x  10* x  10* NaOCl/Na.S
5 .0 0  1 4 .56  1 .087  0 .880  3 .6 6
5 .0 0 (x ) 1 4 .0 0  1 .088  0 .880  3 .88
7 .5 0  9*49 1 .349  0 .480  3 .8 1
1 0 .0 0  4 .8 5  8 .115  0 .560  3 .78
(x)Run From b u r e t t e  in to  b o i l in g  NaOCl. O th e rs— b o th  r e a c ­




25 50  75 ' 100
i : 1 i 0 ( I ;
Temperature, C. . :
TEMPEBA.TOBE ON THE fiATlO N^OCL/flA.S
TABLE 33
STUDY OF THE EFFECT OF PH ON THE RATIO NAOCL/NAgS
pH » 14
Use 100 cc# o f  3 N NaOH s o lu t io n  a s  th e  r e a c t io n  medium# 
T h is  s o lu t io n  shou ld  app roach  a pH o f  14*
S o lu tio n s*  0*06109 N NasS 






NagSgOg Eq. NaOCl 





4 .0 0 20*00 0*32(x) 969 244 5*98
(x )C o rre c te d  f o r  b lan k  w hich was 0*10 ce#
pH *  14*
Use 100 cc# o f 1 .5  N NaOH s o lu t io n  a s  th e
S o lu t io n s t  0 .0523  N NaaS 
0 .0581  N NaOCl 
0 .1001  N NagSgOg





NagSgOg Eq* NaOCl 





2*08 1 0 .0 0 1*82 399 107*4 3*71
pH « 13*4
Use 100 cc# o f  0*4 N NaOH as  th e  r e a c t io n  medium. T h is  s o lu -
t l o n  sh o u ld  g iv e  a  pH o f  ab o u t 13#4
S o lu tio n s* 0 .0511  N N ..S  






Eq* NaOCl Eq* NaaS 
x 10+ x  10+
R a tio
NaOCl/Na.S
10*00 25 .00  0 .5 0 1400 511 2*74
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H o te l The a c tu a l  pH v a lu e s  o f  th e  fo re g o in g  s o lu t io n s  
co u ld  n o t  be d e te rm in ed  w ith  th e  g la s s  e le c t ro d e  
s in c e  i t s  ran g e  i s  l im i te d  on th e  b a s ic  s id e  to  a  
pH o f  18*5* A cc o rd in g ly , th e  fo re g o in g  v a lu e s  a r e  
e s tim a te d *
pH »  11*6
Use 100 cc* o f  d i s t i l l e d  w a te r  a s  th e  r e a c t io n  medium*
pH upon th e  a d d i t io n  o f  10*00 ec* NaOCl »  11*7
pH upon th e  a d d i t io n  o f  5*00 cc* NaaS « 11*8
S o lu tio n s I  0*0516 N NaaS 
0*0581 H NaOCl 
0*1001 N NaaSaOa
NaaS NaOCl NaaSaOa Eq. NaOCl Eq* NaaS R a tio
ce* cc* cc* x 10* x 10* Na0C l/N aa8
5*00 10*00 1*50 430 858 1*67
pH *  10*0
Use a s  r e a c t io n  medium 100 ce* o f  b u f f e r  s o lu t io n  p re p a re d  
a s  fo llo w s !
43*90 cc* 0*1 N NaOH 4  50 cc* 0*1 N HaBOa d i lu te d  to  100 ce*
pH o f  b u f fe r  10*0
p lu s  10 co* NaOCl 10*0
P lu s  5 ce* NaaS 10*0
S o lu tio n s !  0*0516 N NaaS 
0*0581 N NaOCl 
0*1001 N NaaSaOa












5*00 10*00 1*95 386 258 1*50
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pH » 8*4
Use a s  r e a c t io n  medium 100 c c .  o f  b u f f e r  s o lu t io n  p rep a re d  
a s  fo llo w s  t
5 .9 7  e c .  0 .1  N NaOH + 50 c c .  0 ,1  M H»B0» d i lu t e d  t o  100 c c ,
pH o f  b u f f e r  8 ,1
p lu s  10 c c , NaOCl 8*4
p lu s  5 o e . Na»S 8 .5
S o lu t io n s t  0 .0516  N NaaS 
0 .0581  N NaOCl 
0 .1001  N NaaSgO*
Na*S NaOCl Na*Sa0* Eq. NaOCl Eq, Na*S
c e ,  e e .  c c .  x  10 * x  10*
5 ,0 0  1 0 .0 0  1 .6 0  421 258
pH *  7 ,5
Use a s  r e a c t io n  medium 100 e e .  o f  b u f fe r  s o lu t io n  p rep a red  
a s  fo llo w s t
50 e e ,  0 ,1  H KH*P04 ♦  2 9 .63  c c ,  0 .1  N NaOH d i lu t e d  to  100 e e .
pH o f  b u f f e r  7 .1
p lu s  10 c c . NaOCl 7 .3
p lu s  4 c e . Na*S 7*3
S o lu tio n s s  Same a s  above
Na.S NaOCl Na*S*Oa Eq. NaOCl Eq, Na*S R a tio




4*00 1 0 .00  1 .9 8  383 2 0 6 ,4  1*85
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pH * 5*4
Use a s  r e a c t io n  medium 100 c c .  o f  b u f f e r  s o lu t io n  p rep a red  
a s  fo l lo w s !
2 3 .8 5  o c . 0 .1  N NaOH 4 50 c o . 0 .1  M KHC3H4 04  d i lu t e d  to  100 c e .
pH o f  b u f f e r  5 .2
p lu s  10 00 .  NaOCl 5 .4
p lu s  3 c c . NaaS 5 .4
S o lu t io n s 1 Same a s  fo re g o in g
NaaS NaOCl Na„S80* E q . NaOCl E q . Na*S R a tio
c c .  e c .  c o . x 10* x  10* NaOCl/NagS
3 .0 0  1 0 .0 0  1 .1 8  463 154 .8  3 .0 0
pH -  3 .3
Use a s  r e a c t io n  medium 100 e e .  o f  b u f fe r  s o lu t io n  p re p a re d  
as  fo llo w s!
20 .32  e e .  0 .1  N HC1 4 50 c o . 0 .1  U KHC3H4O4  d i lu t e d  to  100 e e .
pH o f  b u f fe r  5 .0
p lu s  10 c c . NaOCl 3 .3
p lu s  2 c c . Na*8 3 .3
S o lu tio n s !  Same a s  fo re g o in g
Ha*S NaOCl N&aS*Ot  Eq* NaOCl E q . Na»3 R a tio
e e .  c c .  c e .  x  1QC x  10* NaOCl/Na8S
2 .0 0  1 0 .0 0  1 .9 5  386 103 .2  3 .7 4
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•  8*0
Use a s  r e a c t io n  medium 100 c c .  o f  b u f f e r  s o lu t io n  p rep a red  
a s  fo llo w s t
5 .SO c c .  0 .2  M HC1 ♦ 25 c e .  0 .2  M KC1 d i lu t e d  to  100 c c .
pH o f  b u f f e r  1 .8
p lu s  10 o c . NaOCl 2 .0
p lu s  2 c c .  Na«S 2 .0
Na*S NaOCl Ha»S*0, £ q . N&QC1 Eq. Na*S R a tio
c c .  c c .  c c .  x  10* x 10* NaOCl/Nat 8
2 .0 0  10 .00  1 .6 0  421 10S .2  4 .0 6  (x)
(x )T h is  v a lu e  ra n  h ig h e r  th a n  th e  t h e o r e t i c a l  4 .0 0  due to  
lo s s  o f  c h lo r in e .
pH * 1 .0  o r  low er 
A c id i t i e s  y ie ld in g  pH v a lu e s  low er th a n  2 were found to  
g iv e  4 .0 0  f o r  th e  r a t i o  o f  ft&OCl/fta*S.
See T ab le s  2 5 , 26 , and 27
16?
TABUS 34 
SUMMATION OF TABUS 33
PH Bafcio BaO<
14*0 3 .9 3
14.0"* 3 .7 1
1 3 .4 2*74
1 1 .8 1 .6 7
10*0 1 .5 0
8 .4 1 .6 3
7 .3 1 .3 5
5 .4 3 .0 0
3 .3 3 .7 4
2 .0 4 .0 0
1 .0 4 .0 0
TABLE 35
DETERMINATION OF THE COURSE OF THE REACTION BETWEEN NAs S ,0 .  
AND NAOCL IN 1 .5  N BASIC SOLUTION
Eq. NaOCl Eq. NaaSaOa R a tio
x  10* x  10* Nft0Cl/Na,S80 ,
6 .0 4  1 .0 0  8 .0 4
T h e o r e t ic a l  r a t i o  f o r  com plete  co n v e rs io n  o f  t h i o s u l f a t e  




B efo re  p ro ceed in g  w ith  th e  e x p la n a tio n  o f  th e  r e s u l t #  
and th e  e v o lu t io n  o f  a mechanism com plying w ith  th e  e x p e r t*  
m e n ta l f in d in g s  i t  m ight he w e ll  to  l i s t  th e  f a c t s  b ro u g h t 
o u t i n  th e  fo re g o in g  s e c t io n a l
A t o rd in a ry  te m p e ra tu re s  when th e  r e a c ta n t s  a r e  
o f  a p p ro x im a te ly  th e  same c o n c e n tr a t io n , th e  r a t i o  
o f  NaOCl/NaaS assum es a more o r l e s s  c o n s ta n t  v a lue*
Whoa th e  c o n c e n tra t io n s  o f  th e  r e a c ta n t s  a r e  wide* 
ly  d i f f e r e n t*  th e  r a t i o  I s  found to  change; h ig h  
s u l f i d e  c o n c e n tr a t io n s  fa v o r in g  th e  fo rm a tio n  o f  
s u lfu r*  and h ig h  h y p o c h lo r i te  c o n c e n tra t io n s  fa v o r in g  
th e  fo rm a tio n  o f  s u lf a te *
The r e a c t io n  h as  been  shown to  y ie ld  a s  f i n a l  
p ro d u c ts  s u l f u r  and s u lf a te *
H igh te m p e ra tu re s  fa v o r  th e  fo rm a tio n  o f  s u l f a te *
The r e a c t io n  h as  been shown to  be q u i te  m arkedly 
dependen t on th e  pH o f  th e  r e a c t io n  medium* A d i s t i n c t  
minimum i n  th e  r a t i o  NaOCl/fta88 I s  found a t  a  pH o f  
ab o u t 10 ,  th e  r a t i o  In c re a s in g  on b o th  s id e s  o f  t h i s  
l im i t in g  value*
A t pH v a lu e s  l e s s  th a n  two th e r e  i s  a q u a n t i t a t iv e  
c o n v e rs io n  o f  s u l f id e  to  s u l f a t e  by h y p o c h lo rite *
At a b a s i c i t y  o f  5 N (pH * 1 4 ) , no s u l f u r  ap p ears  
i n  th e  r e a c t io n  and th e  r a t i o  ag a in  assumed a v a lu e  
o f  4 showing q u a n t i t a t iv e  o x id a tio n  to  s u lf a te *
I f  th e  r e a c t io n  i s  ru n  i n  b a s ic  s o lu t io n  and th e n  
a c i d i f i e d  u n t i l  th e  pH i s  % o r  l e s s ,  th e  c o l lo id a l  
s u l f u r  i s  r a p id ly  and q u a n t i t a t iv e ly  co n v e rted  to  
s u l f a te *
Prom th e  above summation i t  i s  e v id e n t t h a t  any proposed  
mechanism m ust answ er th e  fo llo w in g  q u es tio n s*
Why does th e  r a t i o  rem ain  ap p ro x im a te ly  c o n s ta n t 
when th e  r e a c ta n t s  a r e  o f  ap p ro x im a te ly  th e  same 
c o n c e n tra t io n ?
Why do h ig h  s u l f id e  c o n c e n tra t io n s  fa v o r  th e  form a­
t i o n  o f  s u l f u r  and h ig h  h y p o c h lo r i te  c o n c e n tr a t io n s  
th e  fo rm a tio n  o f  s u l f a t e ?
Why does th e  r e a c t io n  r a t i o  show a  d i s t i n c t  m in i­
mum a t  a pH o f  10 and why i s  th e r e  an in c r e a s e  i n  
s u l f a t e  fo rm a tio n  on each  s id e  o f  t h i s  e r l t l c a l  v a lu e ?
By what mechanism can we e x p la in  q u a n t i t a t iv e  
co n v e rs io n  to  s u l f a t e  a t  pH v a lu e s  l e s s  th a n  two and 
what d i f f e r e n c e  i s  th e r e  i n  th e  mechanism which a ls o  
g iv e s  q u a n t i t a t i v e  c o n v e rs io n  to  s u l f a t e  a t  pH 
v a lu e s  o f  14?
A s tu d y  o f  th e  l i t e r a t u r e  in d ic a t e s  t h a t  s u l f u r  i s  
p ro b a b ly  th e  p rim ary  o x id a tio n  p ro d u c t o f  s u l f id e s  i n  a l l  
c a s e s |  how ever, t h i s  h as  n o t been d e f i n i t e l y  e s ta b l i s h e d  
i n  ev e ry  case*  A b e t t e r  r e a l i z a t i o n  o f  t h i s  mechanism i s  
o b ta in e d  w ith  slow  a c t in g  o x id a n ts ,  e*g* th e  work o f  
B u llo ck  and F o rb es (27)*  These i n v e s t ig a to r s  o x id iz e d  s u l ­
f i d e  w ith  c e r t a in  a ro m a tic  n l t r o  compounds and d e f i n i t e l y  
p roved  t h a t ,  a lth o u g h  s u l f u r  was n o t  t h e i r  end o x id a tio n  
p ro d u c t ,  i t  was th e  p rim ary  o x id a tio n  p roduct*  They w r i te  
t h e i r  p rim ary  r e a c t io n  as  fo llow s*
5Ha*S + RHO* + 4Ha0 * 6N&0H ♦ SS ♦ RNH,
The fo rm a tio n  o f  NaOH sh o u ld  be no ted*
I t  h as  been shown (T ab le  1) t h a t ,  i n  th e  o x id a tio n  o f  
s u l f i d e  w ith  h y p o c h lo r i te ,  th e  appearance  o f  s u l f u r  i s  
accom panied by an in c re a s e  i n  b a s ic i ty *  A cco rd in g ly , th e  
fo llo w in g  may be p o s tu la te d  a s  th e  i n i t i a l  re a c tio n *
Na*S + NaOCl ♦ H,0  ® S + NaCl + SNaOH 
I f  th e  above r e a c t io n  were th e  o n ly  r e a c t io n  ta k in g  p la c e ,  
th e  r a t i o  o f  e q u iv a le n ts  o f  sodium h y p o c h lo r ite  to  eq u iv a­
l e n t s  o f  sodium s u l f id e  shou ld  be 1 *
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However, i t  was found t h a t  t h i s  r a t i o  was n o t  1 b u t 
some v a lu e  g r e a t e r  th a n  1 a t t a i n in g  4 a s  a l i m i t .  I t  was 
f u r t h e r  found t h a t  c o n s id e ra b le  s u l f a t e  i s  form ed, and 
by a n a ly s i s  o f  th e  s o lu t io n s  (T a b le s  IS  and 14 ) ,  th e  
I n c r e a s e  i n  th e  r a t i o  can be q u a n t i t a t iv e l y  shown to  be 
e n t i r e l y  due to  th e  fo rm a tio n  o f  s u l f a t e  i n  any g iv en  
s o lu t io n #
As p r e v io u s ly  s t a t e d ,  r e g a r d le s s  o f  th e  mechanism 
o f  th e  r e a c t io n ,  we may s e t  down th e  fo llo w in g  sto ich io -*  
m e tr ic  r e l a t i o n s i
NasS ♦ HaOCl S R a tio  NaOCl/foa*S *  1
Ha«8 4 4NaOCl ->  NaaS04 R a tio  HaOCl/&&*S *  4
O b v io u sly , i f  s u l f a t e  and s u l f u r  a re  produced  slm ul* 
ta n e o u s ly  (w hich f a c t  has been e s ta b l i s h e d ) ,  th e  r a t i o  
w i l l  l i e  somewhere between 1 and 4 , ap p roach ing  th e s e  v a lu e s  
a s  l im i ts #
S in ce  th e  p rim ary  r e a c t io n  r e s u l t s  o n ly  i n  th e  forma** 
t i o n  o f  s u l f u r ,  th e  fo rm a tio n  o f  s u l f a t e  m ust depend 
upon some secondary  r e a c t io n .  The m ost lo g ic a l  e x p la n a tio n  
i s  th e  seco n d ary  r e a c t io n  o f  th e  h y p o c h lo r ite  on th e  s u l f u r  
o x id is in g  i t  f u r th e r  to  s u l f a t e ,  b u t we a re  c o n fro n te d  
w ith  th e  f a c t  t h a t  o n ly  p a r t  o f  th e  s u l f u r  i s  o x id is e d , 
a l th o u g h  th e r e  i s  a t  a l l  tim es an ex cess  o f  h y p o c h lo r i te .
I t  becomes n e c e s s a ry , th e r e f o r e ,  to  e x p la in  th e  o x id a t io n  
o f  a p o r t io n  o f  th e  s u l f u r  to  s u l f a t e  w h ile  a p o r t io n  o f  
i t  rem ain s u n o x id iz e d .
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I n  a s tu d y  o f  th e  l i t e r a t u r e  o f  s u l f u r  r e a c t io n s  
one f in d s  Q u ite  f r e q u e n t  r e f e r e n c e  to  th e  term  " a c tiv e *  
s u lf u r *  T h is  te rm , " a c t iv e *  s u l f u r ,  i s  s u a l ly  a p p l ie d  to  
n a s c e n t  s u l f u r ,  i * e .  s u l f u r  which h as  been s e t  f r e e  by 
some ch em ica l r e a c t io n  presum ably  i n  th e  a tom ic s ta te *
A f a r  g r e a t e r  r e a c t i v i t y  i s  u s u a l ly  a s s ig n e d  to  " a c t iv e *  
s u l f u r  th a n  t o  o rd in a ry  s u lfu r*  R e fe rr in g  a g a in  to  B u llo ch  
and F o rb e s , we quo tes "The r e a c t io n  ( s u l f u r  and sodium 
h y d ro x id e ) ta k e s  p la c e  r a th e r  r a p id ly  a t  e le v a te d  tempera** 
t u r e s  even w ith  o rd in a ry  rhom bic s u l f u r  b u t a t  25° th e  
r e a c t io n  i s  slow  u n le s s  th e  s u l f u r  i s  i n  an  " a c t iv e *  s t a t e ,  
s e t  f r e e  by an o x id a t io n  o f  s u l f id e  o r  i n  some s im i la r  
way** "A ctiv e*  s u l f u r  i s  n o t  a new concep t b u t i s  found 
o f te n  i n  th e  o ld e r  l i t e r a t u r e  o f  s u l f u r  r e a c t io n s  r e f e r r e d  
to  a s  s u l f u r  1& s t a t u  n a s c e n d l*
H ere , i t  a p p e a r s , i s  th e  e x p la n a tio n  o f  th e  p a r t i a l  
o x id a t io n  o f  th e  s u l f u r  produced by th e  r e a c t io n s  
Sa*S + NaOCl ♦ H*0 « 8 ♦ NaCl + SNaOH 
The s u l f u r  s e t  f r e e  i n  th e  atom ic s t a t e  may r e a c t  in  
two ways* I t  may combine w ith  a n o th e r  atom o f  s u l f u r  o r  
i t  may be a c te d  upon by a  m olecu le  o f  sodium h y p o c h lo r ite *  
These two r e a c t io n s  may be w r i t te n  as  fo llo w s!
(1 ) 8 ♦ 8 -  8,
( 2 ) S + SHaOCl + H*0 *  HaS04 ♦ SNaOCl 
R eaction  (1 ) I s  n o t ,  o f  cou rse , lim ite d  to  the form ation  
o f  d iatom ic s u lfu r , but th e d iatom ic m olecule may r ea c t w ith  
another atom o f  s u lfu r , and so on forming c o l lo id a l  su lfu r*
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A lso  r e a c t io n  (fi) I s  p ro b ab ly  n o t  k l n e t i e a l l y  c o r r e c t  
s in c e  I t  i s  shown a s  a  q u ln q u lm o le c u la r  r e a c tio n *  I t  can  
p ro b a b ly  be re p re s e n te d  more a c c u r a te ly  by th e  fo llo w in g  
mechanism t
S + NaOCl «  SO * NaCl 
SO + NaOCl * S0B + NaCl 
SO* + H*0 *  H*SO*
H*SO* ♦  NaOCl *  H*S04 ♦ NaCl 
S u lfu r  monoxide* SO* h a s  r e c e n t ly  been shown by Schenk 
(41 i )  t o  be a p rim ary  o x id a tio n  p ro d u c t o f  s u lfu r*
t o  e x p la in  th e  e x p e rim e n ta l r e s u l t s *  th e re fo re *  we 
may s e t  down th e  fo llo w in g  r e a c t io n s  a s  th e  d e te rm in in g  
f a c t o r s  from  a k i n e t i c  s ta n d p o in ts  
S ♦ S * S |
S + NaOCl -  SO 4  NaCl 
I f  we a r e  to  e x p la in  th e  appearance  o f  s u l f a t e  and s u l f u r  
a s  th e  r e a c t io n  p ro d u c ts  from th e  above mechanism* we 
m ust assum e t h a t  th e  two r e a c t io n s  have a t  l e a s t  com parable 
r a t e s  o f  re a c tio n }  o th e rw ise*  one would ta k e  p la c e  to  th e  
e x c lu s io n  o f  th e  o th e r*
Prom th e  above e q u a tio n s  i t  i s  e v id e n t t h a t  th e  
speed o f  th e  f i r s t  i s  p r o p o r t io n a l  th e  sq u are  o f  th e  
s u l f u r  c o n c e n tr a t io n  and t h a t  o f  th e  second to  th e  p ro d u c t 
o f  th e  c o n c e n tr a t io n  o f  th e  s u l f u r  and th e  h y p o c h lo rite *
I t  i s  f u r t h e r  n o te d  t h a t  th e  c o n c e n tra t io n  o f  atom ic s u l f u r  
a t  any tim e  I s  a fu n c tio n  o f  th e  i n i t i a l  s u l f id e  concern*
mt r a t i o n *  I t  w ould , th e r e f o r e ,  be e x p e c te d , q u a l i t a t i v e l y  
a t  l e a s t ,  t h a t  an in o r e a s e  o f  s u l f id e  c o n c e n tr a t io n  would 
f a v o r  th e  fo rm a tio n  o f  e o l lo ld a l  s u l f u r  and on th e  o th e r  
hand an  I n c r e a s e  i n  h y p o c h lo r i te  c o n c e n tr a t io n  sh o u ld  
fa v o r  th e  fo rm a tio n  o f  s u l f a te *  T h is h as  been found to  
be e x p e r im e n ta lly  t r u e  (T a b le s  15 and 19)*
T h is  mechanism a l s o  e x p la in s  th e  a p p a re n t co n s tan cy  
o f  th e  r a t i o  o f  h y p o c h lo r i te  to  s u l f id e  as  long  a s  th e  
r e a c t a n t s  a r e  o f  p r a c t i e a l l y  th e  same c o n c e n tra t io n  
s in c e ,  i n  t h i s  c a s e ,  th e  sq u a re  o f  th e  s u l f u r  c o n c e n tra t io n  
i s  m a th e m a tic a lly  e q u iv a le n t  to  th e  p ro d u c t o f  th e  eon- 
c e n tr& tlo n  o f  th e  s u l f u r  and h y p o c h lo r i te  and co n seq u en tly  
th e  r a t i o  o f  th e  v e lo c i ty  c o n s ta n ts  rem ains unchanged*
The mechanism ap p ea rs  to  s u c c e s s f u l ly  e x p la in  
v a r i a t i o n s  due to  changes in  c o n c e n tra t io n  bu t th e  e f f e c t  
o f  pH r e q u i r e s  f u r th e r  study* I t  sh o u ld  be n o ted  t h a t  th e  
c o n c e n tr a t io n s  u sed  In  th e  above s o lu t io n s  w i l l  n o t g iv e  
a wide d iv e rg e n ce  o f  pH and i t  so happended t h a t  th e  pH 
v a lu e s  o f  th e se  s o lu t io n s  la y  a long  th e  f l a t  p a r t  o f  th e  
pH curve* Ho v e ry  wide d iv e rg e n c e  o f  pH v a lu e s  i s  I n d ic a te d  
by th e  a p p a re n t co n s tan c y  o f  th e  r a t io *
From th e  shape o f  th e  pH cu rv e  i t  would ap p ear t h a t  
th e r e  a r e  two d i s t i n c t  fo rc e s  a t  p la y  re a c h in g  a minimum 
a t  a  pH o f  ab o u t 10* We may c o n s id e r  t h i s  p o in t  a s  th e  
i d e a l  p o in t  where th e  above mechanism i s  a s a t i s f a c t o r y  
e x p la n a t io n  o f  th e  f a c ts *  However, to  e x p la in  th e  in c re a s e
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o f  s u lf a t e  form ation  both on th e  acid  and b a s ic  sbde o f  
pH o f  1 0 , I t  has been n ecessa ry  to  ev o lv e  two e n t ir e ly  
d if f e r e n t  mechanisms which, however, w i l l  be seen  to  f i t  
th e  experim ental fa c ts #
As p rev io u sly  shown su lfu r  and base rea ct according  
to  the equations
6NaOH 4 8S * SNa*Sa 4 NaaSaOa 4 3Ha0 
T his eq u ation  rep resen ts  a case  o f  a u to x ld a tlo n  and th ere  
i s  no n e t  ga in  w ith  r e sp e c t  to  o x id a tio n  or red u ctio n . The 
a c t io n  o f  th e  base i s  to  return  th e  su lfu r  to  s o lu t io n  in  
such a form th a t  i t  i s  e a s i ly  o x id ise d  by th e  h yp och lorite#  
I t  has been d e f in i t e ly  shown (Table SO) th a t th e  a c tio n
o f  h y p o ch lo r ite  on c o l lo id a l  su lfu r  i s  too  slow  to  have
any e f f e c t  on the f in a l  r a t io  as determ ined experim entally#  
T h erefore , th e  in c r e a se  in  s u lfa te  form ation w ith  In crea se  
in  b a s ic i t y  o f  the s o lu t io n  can be exp lained  by the  
fo llo w in g  mechanisms
(1 ) S 4 S * S ,
(2 ) S 4 NaOCl * SO + NaCl, etc*  to  s u lf a te
( s )  8S ♦  6N&0H ** 2NaaSa 4* Naa SaOa 4  3Ha0
(4 ) NaaS*0* 4 4NaOCl 4 SNaOH » 2Na*S04 4  4NaCl 4 Ha0
(5 ) NaaSa 4  NaOCl 4 HjO « 3S 4 NaCl 4  JSNaOH
(6 ) B 4  NaOH, etc*
The f i r s t  th ree  re a c tio n s  are the on ly  ones n ecessa ry  
fo r  a k in e t ic  exp lan ation  o f  th e  course o f  the reaction *
I t  I s  ev id en t th a t  as the b a s ic i ty  o f  th e so lu t io n  In crea ses  
th e  r a te  o f  re a c tio n  (3 ) w i l l  In crease  w h ile  r e a c t io n s  ( l )
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and ( 8 ) w i l l  c o rre sp o n d in g ly  d im in ish  and i t  would ap p ea r 
t h a t  th e r e  would he a l im i t in g  b a s i c i t y  a t  which r e a c t io n
( 8 ) would ta k e  p la c e  to  th e  e x c lu s io n  o f  r e a c t io n s  ( 1 ) 
and (8 ) .  F or th e  c o n c e n tr a t io n s  u sed  i n  T ab le  53 i t  has 
te e n  shown t h a t  t h i s  l im i t in g  v a lu e  i s  5 N w ith  r e s p e c t  
t o  base*  I t  i s  a l s o  e v id e n t t h a t ,  I f  r e a c t io n  (3) ta k e s  
p la c e  to  th e  e x e ls u lo n  o f  ( 1 ) and (8) ,  th e  f i n a l  p ro d u c t 
w i l l  be s u l f a te *  T h is has been found to  be e x p e r im e n ta lly  
tru e *  The agreem ent o f  experim en t and p o s tu la te  in d ic a t e s  
t h a t  t h i s  mechanism s a t i s f a c t o r i l y  e x p la in s  th e  r e s u l t s *  
I n  a c id  s o lu t io n  I t  i s  a l s o  found th a t  th e r e  i s  an 
in c r e a s e  i n  th e  r a t i o  in d ic a t in g  an In c re a s e  i n  s u l f a t e  
fo rm a tio n , b u t h e re  i t  i s  n e c e s s a ry  to  evo lve  a n o th e r  
mechanism f o r  r e s o lu t io n  o f  th e  s u l f u r  s in c e ,  th e re  i s  
i n s u f f i c i e n t  h y d ro x y l io n  c o n c e n tra t io n  to  employ th e  
fo re g o in g  re a c t io n s *
As in d ic a te d  i n  th e  rev iew  o f  th e  l i t e r a t u r e  hypo- 
c h lo ro u s  a c id  i s  a v e ry  weak a d d *  I t  I s  r e le a s e d  from i t s  
s a l t s  by sodium b ic a rb o n a te  which would su g g e s t t h a t  f r e e  
h y p o ch lo ro u s a c id  e x i s t s  i n  s o lu t io n s  o f  co m p a ra tiv e ly  
h ig h  pH v a lu e s ,  p ro b ab ly  as  h ig h  a s  9 o r  10* I t  h as  been 
shown t h a t  th e  minimum In  th e  pH cu rve  I s  a t  a  pH v a lu e  
o f  around  10 w hich would in d ic a te ^  th a t  a t  v a lu e s  below 
t h i s  we a r e  d e a lin g  w ith  f r e e  hypoch lo rous a c id  r a th e r  
th a n  sodium h y p o c h lo r ite *
I t  I s  an e s ta b l i s h e d  f a c t  t h a t  h y p o c h lo r i te  h as  a 
g r e a t e r  o x id iz in g  power i n  a d d  s o lu t io n  th a n  i t  does in
mb a s ic  s o lu t io n ,  t h i s  g r a t e r  o x id is in g  power i s  a t t r i b u t e d
to  th e  p re se n c e  o f  c h lo r in e  m onoxide, C1*0# I t  h a s  been
proven  t h a t  h y p o ch lo ro u s a c id  y ie ld s  th e  fo llo w in g  equ l*  
l l b r i a *
H0C1 5=* 0C1" ♦  H+ K * 6 ,7  x  10*8
2H0C1 ^  C1,0 ♦  H,0 K ■ 9 ,6  x  10*4
and In  th e  p re se n c e  o f  HCli
H0C1 ♦  HC1 ==» C l ,  H ,0 K «  2 x  108
I f  I t  I s  assumed t h a t  c h lo r in e  monoxide I s  th e  a c t iv e  
a g e n t I n  th e  r e s o lu t io n  o f  s u l f u r  i t  i s  n o t a t  once a p p a re n t 
from  th e  above e q u i l i b r i a  t h a t  an in c r e a s e  i n  hydrogen 
Io n  c o n c e n tr a t io n  would a l s o  in c r e a s e  th e  c o n c e n tra t io n  
o f  c h lo r in e  monoxide which would be re q u ire d  to  s a t i s f y  
th e  e x p e rim e n ta l r e s u l t s *  H ypochlorous a d d  io n iz e s  to  
such  a  sm a ll e x te n t  t h a t  a d d i t io n  o f  hydrogen io n s  to  th e  
s o lu t io n  would a l t e r  th e  c o n c e n tra t io n  o f  hypoch lo rous 
a c id  to  a  n e g l ig ib l e  e x te n t*  I t  would appear th a t  th e  
a d d i t io n  o f  hydrogen io n s  i n  th e  p re se n c e  o f  c h lo r id e  
io n s  ( a s  I s  alw ays th e  ca se  i n  our s o lu t io n s )  would ten d  
t o  d e c re a s e  th e  c o n c e n tra t io n  o f  hypoch lo rous a d d  by 
s h i f t i n g  th e  t h i r d  e q u il ib r iu m  tow ards c h lo r in e  and w ater*
I t  i s  p o s s ib le ,  th e r e f o r e ,  t h a t  c h lo r in e  i s  th e  
a c t iv e  a g e n t I n  th e  r e s o lu t io n  o f  s u l f u r  by a mechanism 
s im i la r  to  t h a t  g iv en  f o r  b a s ic  s o lu t io n  s in c e  i t  has 
been shown t h a t  c h lo r in e  r e a c t s  s low ly  w ith  s u l f u r  a t  
o rd in a ry  tem p era tu res*  However, t h i s  w i l l  n o t e x p la in  th e  
f a c t  t h a t  a f t e r  c o l lo id a l  s u l f u r  h as  been formed in  b a s ic
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s o lu t io n ,  i t  w i l l  toe r a p id ly  r e d is s o lv e d  upon a c i d i f i c a t i o n  
t o  a pH o f  two o r  le s s #  I t  a p p e a rs , t h e r e f o r e ,  t h a t  we m ust 
e l im in a te  c h lo r in e  a s  p la y in g  any la r g e  p a r t  i n  th e  r e s o lu ­
t i o n  o f  th e  s u lfu r#
Rem ington and T rim ble  (407) showed t h a t  th e  o x id a tio n  
p o t e n t i a l s  o f  h y p o c h lo r i te  s o lu t io n s  were p r o p o r t io n a l  to  
th e  hydrogen  io n  c o n c e n tra t io n  o f  th e  s o lu t io n ,  th e  g r e a te r  
th e  hydrogen  io n  c o n c e n tra t io n  th e  g r e a te r  th e  o x id a ­
t i o n  p o t e n t i a l ,  and hence th e  g r e a te r  th e  o x id is in g  power#
From our r e s u l t s  we m ust p o s tu a l te  th e  e x is te n c e  
o f  some o x id a n t w hich h as  a r a p id  a c t io n  on c o l lo id a l  
s u l f u r .  I t  h a s  been shown t h a t  i n  th e  d ry  s t a t e  c h lo r in e  
monoxide r e a c t s  v io l e n t l y  w ith  s u l f u r  w ith  th e  fo rm a tio n  
o f  s u l f u r  m onoch lo ride and s u l f u r  d io x id e#  I n  aqueous 
s o lu t io n  tooth would p ro b ab ly  toe o x id iz e d  f u r th e r  to  s u l ­
f u r i c  ac id #
The f a c t  t h a t  an a p p re c ia b le  q u a n t i ty  o f  c h lo r in e  
monoxide e x i s t s  i n  v e ry  a c id  s o lu t io n s  can toe shown toy 
a c i d i f i c a t i o n  o f  a  s o lu t io n  o f  sodium h y p o c h lo r i te  w ith  
h y d ro c h lo r ic  a c id .  C h lo rin e  monoxide i s  q u i te  e a s i l y  d i s ­
t in g u is h e d  toy i t s  odor which i s  s im i la r  to  th a t  o f  io d in e#  
C o n s id e ra b le  c h lo r in e  i s  a l s o  evo lved  tout n o t  In  such la r g e  
e x c e ss  a s  to  o b sc u re  th e  odor o f  c h lo r in e  monoxide#
T here ap p ea rs  to  toe no lo g i c a l  way to  e x p la in  th e  
f a c t s  e x c ep t to  assume t h a t  th e  c o n c e n tra t io n  o f  c h lo r in e  
monoxide in c r e a s e s  w ith  in c re a s e  o f  hydrogen io n  concen*
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t r a t i o n *  T h is  would e x p la in  th e  g r e a t e r  p ro p o r t io n  o f  
s u l f a t e  a p p e a r in g  a s  th e  pH d ec re a se s*
The fo llo w in g  mechanism may, th e r e f o r e ,  be proposed  
a s  t h a t  ta k in g  p la c e  i n  a c id  s o lu t lo n i  
H*S ♦ H0C1 *  s  ♦  HC1 ♦  H,0
s ♦ s * sa
8H0C1 » H,0 + C1S0 
S ♦ C laO a  SO + C ls 
Cl* 4* H*0 * H0C1 4* HC1 
SO + H0C1 * SO, + HC1 
SOg ♦  HgO ■ HgSOg 
HgSOg + E0C1 »  Hs S04 4- HC1 
and In  th e  l im i t in g  c a se  where th e  second e q u a tio n  I s  
n e g l i g i b l e  (pH o f  2) th e  summation e q u a tio n  becomes 1 
HaS 4- 4H0C1 « HaS O 4* 4HC1 
I t  sh o u ld  be p o in te d  ou t t h a t  th e  fo reg o in g  mechanisms 
b o th  f o r  a d d  and b a s ic  s o lu t io n  can n o t be d e f i n i t e l y  
s e t  down as  h av in g  been proved s in c e  th e r e  i s  no way o f  
t r a c in g  th e  co u rse  o f  so r a p id  a s e r i e s  o f  re a c t io n s *
From a k in e t i c  p o in t  o f  v iew , how ever, th e  e x p e rim en ta l 
r e s u l t s  a g re e  w ith  th e s e  p o s tu la te s *
B efo re  co n c lu d in g  th e  d is c u s s io n  o f  th e  fo re g o in g  
m echanism s i t  m ight be w e ll to  d is c u s s  th e  m ajor r e a c t io n s  
from  th e  s ta n d p o in t o f  f r e e  energy  changes where th e  d a ta  
i s  a v a la b le *  The f r e e  energy  change o f  each o f  th e  r e a c ­
t io n s  i s  c a lc u la te d  from d a ta  ta b u la te d  by Lewis and
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R a n d a ll (4 1 0 ) .
3 %  0C1* + H,0 ■= 8 + C l" + 80H*
AF* * -6 6 ,6 6 7  c a l . ,  I f  th e  f r e e  energy  o f  th e  s u l f u r
form ed I s  c o n s id e re d  to be ae ro
&F° *  -8 6 ,4 2 7  c a l . ,  I f  the freeenergy o f  a to m ia  
sulfur I s  ta k e n  in to  c o n s id e r a t io n
A*“ atom ie * 30 ,240
3 + 20C1" ♦  H ,0 * HaS0» ♦ SCI"
i F ® «  -1 3 1 ,6 8 0  c a l . ,  i f  APg a  0
A F° »  -1 6 8 ,9 2 0  c a l . ,  i f  Ayg = 80 ,240  c a l .
S ♦ S « S ,
A1° -  -4 2 ,2 0 0  c a l .
Ha80a + 0C1" * H*S04 + Cl*
A t*  rn -7 5 ,0 3 7  c a l .
43 4  60H" 0 23 4 S |0 |  + 3Ha0
n y °  «  -2 3 ,1 6 0  c a l . ,  i f  AFg « 0
AF° «  -1 4 4 ,1 2 0  c a l . ,  i f  A Fg *  30,240 c a l .
8a0 a* ♦ 40C1” + 20H& « S04“  ♦ 4C1* + Ha0
A 7 °  *  -3 3 2 ,3 6 0  c a l .
HaS 4- H0C1 a  H ,0 + 6 + HC1 
A P° -  -6 2 ,4 1 9  c a l .,  i f  4Fg « 0
AF° ■ -8 2 ,1 7 9  c a l .,  i f  AFg « 30,240 ca l.
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S ♦  SH0C1 + H,0 « H,SO, ♦  EH+ ♦ £C1~
2\F° *  -94*468 c a l* ,  i f  AFjjj »  0
A F °  m -184*708 c a l* ,  i f  A Fg « 20 ,940 c a l .
I t  i s  e v id e n t  from th e  above t h a t  a l l  o f  th e  equa­
t i o n s  p r e s e n t  l a r g e  n e g a tiv e  v a lu e s  f o r  th e  f r e e  energy  
change w hich in d ic a t e s  t h a t  th e  r e a c t io n s  ta k e  p la c e  
sp o n ta n e o u s ly  and t h a t  th e  e q u il ib r iu m  w i l l  be w e ll i n  
fa v o r  o f  th e  p ro d u c ts .  I t  sh o u ld  a ls o  be n o te d  t h a t  i n  th e  
r e a c t io n s  in v o lv in g  s u l f u r  t h a t  th e re  w i l l  be an in c re a s e d  
f r e e  en erg y  change i f  we c o n s id e r  th e  s u l f u r  r e a c t in g  as  
b e in g  i n  th e  " a c t iv e ” o r  a tom ic s ta te *
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CONCLUSIONS
I t  h as  been e s ta b l i s h e d  t h a t  when ex cess  h y p o c h lo r i te  
r e a c t s  w ith  s u l f i d e ,  s u l f u r  and s u l f a t e  a re  form ed in  
am ounts depend ing  upon s e v e r a l  v a r i a b l e s ,  i . e .  c o n c e n tra ­
t i o n  o f  r e a c t a n t s ,  te m p e ra tu re , and pH o f th e  r e a c t io n  medium* 
When th e  r e a c ta n t s  a r e  o f  ap p ro x im a te ly  th e  same 
c o n c e n t r a t io n ,  th e  r e l a t i v e  am ounts o f  s u l f u r  and s u l f a t e  
w hich a r e  form ed a r e  a p p ro x im a te ly  c o n s ta n t .  I f  th e re  i s  
a  w ide d iv e rg e n c e  i n  th e  c o n c e n tra t io n s  o f  th e  s u l f id e  
and h y p o c h lo r i te ,  th e r e  i s  a  co rre sp o n d in g  d i f f e r e n c e  In  
th e  r a t i o  o f  s u l f u r  to  s u l f a t e  produced i n  th e  r e a c t io n .
I t  h a s  been found t h a t  h ig h  s u l f id e  c o n c e n tr a t io n s  fa v o r
th e  fo rm a tio n  o f  s u l f u r  and h ig h  h y p o c h lo r i te  c o n c e n tra -
t i o n s  fa v o r  th e  fo rm a tio n  o f  s u l f a t e .  The r e s u l t s  have 
been shown to  conform  w ith  th e  fo llo w in g  mechanism; where 
th e  s u l f u r  w hich e n te r s  in to  th e  seco n d ary  r e a c t io n  i s  
assumed to  be " a c t iv e *  o r  n a s c e n t s u l f u r t
Na.S + NaOCl + H*0 * S ♦ NaCl + SNaOH 
S ♦ b = S „  e t c .  to  c o l lo id a l  s u l f u r
S + NaOCl * SO 4- NaCl
SO + NaOCl ■ SO, ♦ NaCl
S0B ♦ H»0 * K»SO*
H,SO, 4* NaOCl » H,S04 + NaCl 
The s tu d y  o f  th e  e f f e c t  o f  te m p era tu re  on th e  r e a c t io n  
r e v e a ls  th e  f a c t  t h a t  h ig h  te m p e ra tu re s  fa v o r  th e  forma­
t i o n  o f  s u l f a t e .  At te m p e ra tu re s  up to  50°, th e  p lo t  o f  
te m p e ra tu re  a g a in s t  th e  r a t i o  o f  e q u iv a le n ts  o f  h y p o c h lo r i te
las
r e a c t in g  w ith  a g iv en  number o f  e q u iv a le n ts  o f  s u l f id e  
shows a s t r a i g h t  l i n e  v a r i a t io n  a s  would be e x p e c te d , 
b u t a t  h ig h e r  te m p e ra tu re s  th e re  i s  a  r a p id  In c r e a s e  
i n  th e  r a t i o  showing in c re a s e d  p ro d u c tio n  o f  s u l f a te #
T h is  may be e x p la in e d  by th e  r a th e r  r a p id  a c t io n  o f  base  
on c o l l o i d a l  s u l f u r  a t  h ig h  te m p era tu re s*
The r a t i o  o f  e q u iv a le n ts  o f  h y p o c h lo r i te  to  equiva«* 
l e n t s  o f  sodium s u l f id e  p lo t t e d  a g a in s t  th e  pH o f  th e  
r e a c t io n  medium reach ed  a maximum o f  4 ( t h e o r e t i c a l  con­
v e r s io n  t o  s u l f a t e )  a t  pH v a lu e s  o f  2 o r  l e s s  and a l s o  
i n  v e ry  b a s ic  s o lu t io n s #  There was a  d i s t i n c t  minimum i n  
th e  cu rv e  a t  a  pH o f  abou t 10*
In c re a s e d  p ro d u c tio n  o f  s u l f a t e  on th e  b a s ic  s id e  o f  
th e  minimum i s  e x p la in e d  by th e  a c t io n  o f  h y d ro x y l Io n  
on " a c t iv e *  s u l f u r  prom oting a u to x id a t io n  to  s u l f id e  and 
t h l o s u l f a t e  which a re  e a s i l y  a t ta c h e d  by th e  h y p o c h lo r ite #  
The mechanism i n  b a s ic  s o lu t io n  i s  re p re s e n te d  a s  fo llow s*  
Na*S 4- NaOCl ♦ H,0 » 8 ♦ NaCl 4* JGNaOH 
S 4* S s= £a ,  e tc*  to  c o l lo id a l  s u l f u r  
8 4- NaOCl * SO ♦ NaCl, e tc#  to  s u l f a t e  
86 + GNaOH « 2Na*S» 4* N&8S80 a + 3H,0 
Na*SaOa 4- 4NaOCl 4- 2Na0H « 2NaaS04 + 4N&C1 4* H*0 
Na*S» + NaOCl 4- H*0 » SS + NaCl 4- JBNaOH 
S 4* NaOH# e tc*
I n  a c id  s o lu t io n  i t  v/as found n e c e s s a ry  to  p ropose 
a  d i f f e r e n t  mechanism to  e x p la in  th e  in c re a s e  i n  s u l f a t e
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p ro d u c tio n *  T h is  e x p la n a tio n  in v o lv e s  th e  p re se n ce  o f  
c h lo r in e  monoxide* The mechanism in  a c id  s o lu t io n  i s  
r e p r e s e n te d  a s  fo llo w s*
H*S ♦ H0C1 * S + HC1 ♦  H*0 
S + S « S | ,  e tc*  to  c o l lo id a l  s u l f u r  
2H0C1 * H*0 ♦ C1*0 
S ♦ C1*0 * SO + C l,
Cl* + H*0 » H0C1 + HC1 
SO «■ H0C1 * SO* + HC1 
SO* + H*0 91 H*SO*
H*SO* ♦ H0C1 » H*S04 ♦ HC1 
Below pH v a lu e s  o f  tw o, th e  second r e a c t io n  i s  n e g l ig ib le  
and th e  summation o f  th e s e  r e a c t io n s  y ie ld s*
H*S + 4H0C1 =* H*S04 + 4HC1 
Where p o s s ib le  th e  r e a c t io n s  were s tu d ie d  from th e  
s ta n d p o in t  o f  therm odynam ics and i t  was shown by c a lc u la ­
t i o n s  o f  th e  f r e e  energy  changes in v o lv e d  i n  th e  r e a c t io n s ,  
t h a t  th e y  were a l l  spontaneous*
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R esea rch  F ellow  f o r  th e  F re e p o rt S u lphur Company* He i s  
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